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ABSTRACT 

The title of this book derives its name from 
Hephaestus, the Greek god of fire and metalworking, who had a 
pronounced limp. Focusing on science and technology in the eighties, 
the first chapter of this book uses Hephaestus as a focal point since 
he was entrusted with the development and maintenance of key 
technologies and with keeping society running smoothly and perfectly. 
Additional chapters consider how political, social, and technological 
forces interact and why reforms will be needed in all three areas if 
problems confronting a global society are to be resolved. Chapter 
titles include: (1) technology in a new area (end of cheap oil, new 
demands and new values); (2) knowledge and power (energy, 
research/development, scientific priorities); (3) innovation, 
productivity, and jobs (innovation recession, technological change 
and business cycle, microelectronics); (4) technology and development 
(technological world order, meeting basic needs); and (5) technical 
change and society (technology and sustainabi li ty/democracy ) . 
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Preface 



Science and technologx stand at the center of many of the 
critical issues facing society in the final two decades of the 
twentieth century The arms race, the energy crisis, the prob- 
lems of producing sufficient food, shelter, and material re- 
sources for a world population that will swell to 6 billion by the 
year 2000 — all have technological dimensions Small wonder, 
therefore, that science and technology occupy a prominent 
position in the hopes and fears of many people 

71ns book is an attempt to shed light on some of the relation- 
ships between technological change and society I ha\e looked 
at the role of technology in a global economy that has under- 
gore profound — and probablv irreversible — changes in the 
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past decade Qr so, and I have explored the social, political, and 
economic forces that shape the processes of technological 
change I make no claims of comprehensiveness, and this book 
is certainly not an attempt to survey the world's problems and 
suggest technological solutions for them Rather, it is intended 
to show how political, social, and technological forces interact, 
and why reforms will be needed in all these areas if the prob- 
lems confronting global society are to be resolved 

The United Nations Environment Programme and World- 
watch Institute jointly supported the research and writing 
that went into this book, and I am grateful to them for this 
support Worldwatch Institute President Lester R Brown 
originally suggested the idea of a book on technology, and his 
enthusiasm and encouragement throughout the project were 
invaluable 

The entire manuscript was reviewed by Lester Brown, Knk 
Kckholrn, Christopher Flavin, Daniel Crecnberg, Kathleen 
Ncwland, Pamela Shaw, Nigel Smith, Linda Starke, Bruce 
Stokes, Ann Thrupp, and Nicholas Wade It benefited greatly 
from their critical insights 

Some of the ideas and analysis in tins book are drawn from 
Worldwatch Papers I have written on issues connected with 
science and technology Scores of people helped me in prepar- 
ing those papers, and I would like to thank in particular David 
Dickson, Robert Fuller, Denis Hayes, Nicholas Jequier, Daniel 
Crccnberg, Colin Hines, Ted Owens, Arthur Robinson, Nich- 
olas Wade, and Charles Weiss, all of whom put aside their 
work to review early drafts I am doubly indebted t.) Nicholas 
Wade for suggesting the title for the book 

Preparing a manuscript under tight deadlines is always an 
arduous process, but it was made considerably easier bv Blon- 
decn Craveh's impressive speed and efficiency in typing suc- 
cessive drafts Kh/abetli Arnault and Orctta Tarkhaiu chipped 
in with welcome assistance when needed, and Macinda Bud 
helped grcath in collecting research materials 
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John Donahue brought his editing skills to bear on the 
manuscript at short notice, and provided many valuable sugges- 
tions for improving not only the style but the logic as well 

\\ ntmg a book places many demands on family .md friends 
I am indebted, as always, to Anne Norman for providing much- 
needed support and encouragement over many long months 

COI IN NORMAN 

Worldwatch Institute 

1^6 Massachusetts Avenue, A U 

Washington, D C 20036 
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Heph aestus, the Greek god of fire and metal vorking, dad a 
pronounced limp Entrusted with the development and main- 
tenance of many key technologies, Hephaestus was responsible 
for keeping society running smoothly and perfectly Yet he 
was, ironically, the only imperfect member of the pantheon of 
classical gods This ancient irony is compounded by current 
attitudes toward Hephaestus's crafts Technology is the focus 
of much public homage, for it is often seen as the chief hope 
for solving the myriad problems facing society — a hope embod- 
ied in the oft-heard lament, "If they can put a man on the 
moon, why can't they r ' Yet, at the same time, many of 
the ills of the modern world, from pollution to the threat of 
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nuclear Armageddon, are frequentlv blamed on technological 
developments As in Hephaestus himself, the power and versa- 
tility of technology are often marred bv crippling defects 

There is, consequently; a good deal of ambivalence and 
uncertainty about technology and its role in society The past 
decade has witnessed an intense and at times acrimonious 
debate about the nature and direction of technological devel- 
opments No longer are the fruits of technology recer vd with 
unquestioning faith Instead, battle hues have formed around 
many prominent technological ventures and the foundations of 
technological society have come under intense attack from a 
vane f y of critics 

This debate ebbed and flowed during the seventies, as t i 
series of shocks ran through the global econoniv and as serious 
social problems surfaced in virtnalK everv countrv Vs these 
economic and social problems deepened, it graduallv became 
clear that fundamental changes would be needed m the com 
ing vears as the world moves from an era of rapid economic 
growth and relatively abundant energ} and material resumes 
into a more uncertain period Technological change lias he 
come urgent ui manv areas It is thus not surprising that an 
intense debate has erupted o er the contribution of tcchnologv 
both to the problems facing the world and to their potential 
resolution 

['he growing doubts about the nature and direction of tech 
nological chanr/j are a far ct\ from the technological optimism 
that reigned in the fifties and earlv sixties In those headv davs, 
technology seemed to hold the key to a prosperous ncu world 
The global cxonoir was booming, humans were making their 
first tentative ventures into space, the Green Revolution 
seemed to promise a solution to the world food problem, and 
nuclear power was being proclaimed as a source of cheap, clean 
cii'Tgv It was a period when, as former U S Secretary of the 
Interior Stewart Uclall has aptly put it, "there were no prol) 
lems, only solutions" and when misgivings about technological 
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developments could easily be brushed aside 1 

There can be little real doubt that the steady stream of 
innovations produced in the past few decades lias brought 
immense benefit to society Bv virtually every measure, people 
are better clothed, housed, educated, and fed than they were 
a generation or so ago New medical knowledge has led to the 
control of a host of infectious diseases, transportation and 
communications technologies have shrunk the planet, new ag- 
ricultural and industrial processes have boosted productive* to 
unprecedented heights, and a wealth of new scientific findings 
have immeasurably enriched human culture The Good Old 
Days, when disease, hunger, and backbrcaking toil were every- 
day experiences, seem good only when viewed through the 
distorting lens of nostalgia 

But the benefits of these technological advances are at least 
partiallv offset by serious social and environmental costs, 
among which pollution, energy shortages, and growing depen- 
dence on nonrenewable resources arc the most obvious More- 
over, technological skills have proven impotent in the face of 
such problems as urban ciccav, poverty, unemplovuient, racial 
strife, and disintegrating fainilv structures Indeed, nuim as- 
pects of technological change have aggravated such problems 

In poor countries, too, the benefits of new technologies have 
been counterbalanced bv hcavv social costs In the postwar 
vears. when manv forme* colonies achieved political indepen- 
dence, the accepted path to prospentv lay in raising economic 
growth rates as swiftlv as possible The transformation of agri- 
culture and mclustrv bv technologies imported from the mclus 
trial countries was w idelv regarded as the open sesame f o "nc h- 
country" status It has become clear, however, th.it these 
policies h. : brought little benefit to manv of the world's 
poorest people while economic growth rates have increased as 
expected in rum developing countries, poverty, unclercinplov - 
ment. am attendant miseries have also increased The 

Crccn Re mi has raised gram yields, i;r example, but 
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malnutrition is still a fact of life and death for hundreds of 
millions of people — a grim reminder that technical fixes alone 
cannot solve complex social problems 

These tangible social and environmental costs explain some 
of the current feelings of ambivalence about modern technol- 
ogy'. But there arc other, deeper concerns Among them is the 
widespread and deep-seated feeling that technology is out of 
control, that technological developments have a momentum of 
their own that is difficult, if not impossible, for individuals to 
influence Former British Prime Minister Harold Wilson 
summed up this feeling in a speech in 1973, when he com- 
plained that technology is "running over people's lives " Ironi- 
cally, a decade earlier, Wilson had led the Labour Party to 
victory wuh a campaign pledge to forge Britain's prosperity in 
the "white heat of technological revolution " So much for the 
technological optimism of the early sixties 2 

The notion that technology is out of control has diverse 
roots It stems in part from the very complexity of industrial 
society, in which most people arc consigned to play relatively 
small roles in large economic organizations The centralization 
of decision making m governments and giant corporations has 
deprived individuals of a real role in shaping policies that affect 
their lives — not only in the realm of technology, but in other 
areas as well Beyond that, however, there is the inescapable 
fact that most technologies that intimately affect everyday life, 
f.om power plants to automobiles, are highly complex Conse- 
quently, p peoole find their lives shaped h\ technologies 
that they 00 not understand and over which they have little 
control 

Govern men t bureaucracies and large corporations account 
for most of the global expenditures on research and develop- 
ment, and they have the resources to take innovations from the 
laboratory bench through the testing stage and into widespread 
use They are thus Hie prime actors in the development and 
application of new technologies Public influence over this 
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process is exercised chiefly through purchasing power in the 
maiketplacc — which is it-elf shaped by the advertising budgets 
ot the industries that develop new technologies — and through 
political pressures «n the halls of government Usually, how- 
ever, public influence is limited to attempts to curb the use of 
technologies that are already well along the path to develop- 
ment, such as nuclear power or supersonic transportation, there 
is little opportunity for individuals to have much impact on the 
processes that lead to the generation of new technologies 

Developing countries, moreover, arc in an especially weak 
position to influence the direction of technological change, 
though they arc fundamentally affected by it Because they 
have little technological capacity of their own, most developing 
countries mi, ^chnologics for their industrial and agricul- 
tural dcvclopmc.i, paying large sums of money for the tech- 
nologies thev acquire and becoming technologically dependent 
on the industrial countries And, since those technologies arc 
developed in the economic and cultural climate of the indus- 
trial world, they are not rlwavs well suited to the Third World's 
most pressing needs 

The technological revolution of the past few decades thus 
seems like a Faushan bargain to manv people— economic and 
material progress bought at the expense of growing depen- 
dence on nonrenewable resources, of environmental degrada 
tion, and of loss of control over many aspects of everyday life 
\nd the terms of the bargain seem to be quickly deteriorating 
as the world enters the final two decades of the twentieth 
century 

Although :> schi/opl^emc mix of hope and concern charac- 
terizes public attitudes toward technology, there is little gen- 
eral undemanding of how new technology is developed and 
applied Yet the forces that shape the development of technol- 
ogy are key elements in determining the structure of societv, 
for technology is so deeply embedded in virtually everv aspect 
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of life that technological changes and social changes often go 
hand-m-haml 

There »s a widespread, if subconscious, belief that technolog- 
ical change is driven chiefly by its own momentum, advances 
in knowledge and technical understanding inevitably lead to 
the production and application of new technology which then 
causes changes in society This notion lies behind such well- 
womi phrases as "the march of technology" and, as Langdon 
Winner has pointed out in his book, Autonomous Technology, 
it pervades much writing on technology and undergirds fears 
that technology is out of control 1 

Technological development, according to this view, is an 
evolutionary process, not unlike biological evolution We even 
speak of new "generations" of computers, automobiles, and 
other high-technology goods as if they were biological descend- 
ants of earlier models, and key technical developments arc- 
often regarded as the progenitors of a whole range of subse- 
quent innovations Closely linked to this view is the idea that 
social changes are technologically determined new technolo- 
gies, introduced into society, change the way society functions 
Society, in other words, is largely a product of its technology 
This concept lies unstated behind such terms as the Bronze 
Age, the Machine Age, and the Computer Age 

Thus, for example, the rise of cities in ancient Sumcna is 
often explained by the introduction of agricultural technologies 
that raised the production of fcxxl to a level that could support 
large numbers of people living away from the land The har- 
nessing of steam power has been described as giving birth to 
the machines of the Industrial Revolution And, more recently, 
popular writers such as Alvm Tofflcr have portrayed a society 
shaped by technologies that flow in an endless stream from the 
world's laboratories "Technology," asserts Tofflcr, is a "great, 
growling engine of change " 4 

These v lews of technology and social change provide a useful 
perspective on technology and society, and thev offer a scduc- 
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tivcly simple explanation for complex social and political 
events But the> also raise some difficult questions, and the\ 
certainly cannot explain mam aspects of technological devel- 
opment If tcclniologv evolves largclv according to its own 
dvuamies, bringing social changes in its wake, vvhv, for exam- 
ple, did the Industrial Revolution not take place in \ucient 
Greece, when the principles of steam power were first cliscov 
creep \Vh\ did other scientifically advanced civilizations not 
develop manufacturing technologies"* And win arc sonic tech- 
nologies pursued while other, ec]uallv attractive technologies 
are ncglcctccP 

I he answer to such questions is buried in the vcrv concept 
of evolution Technological evolution, like biological evolution 
responds to a varietv of forces Biological evolution is driven hv 
environmental pressures that favor the survivabihtv of some 
species over others — insects resistant to an insecticide will 
swiftlv predominate in a spraved area, tor example— and the 
kev to the development of living things can he found onlv bv 
looking at them in relation to their environment Sinnlarlv . the 
kev to technological development lies m the environment in 
which technological change takes place— r> this case, the so 
ual, economic, political, and phvsical environment 

Corporations dominate the development or new technologv 
in the western industrial countries and Japan, and commercial 
forces thus constitute a prominent part of the environment m 
which technological change takes place Ihcv provide a power 
ful thrust that guides both the pace and direction of ninth 
technological development I he corporate svstem has been 
cuorinouslv productive in generating new technologies The 
economic incentives to innovate — and the economic costs of 
not doing so in a competitive environment — have made corpo- 
rations "highlv efficient in exploring technological possibilities 
for new consumer products and devices that can he marketed 
and sold at a profit," notes Kinmanucl Mcsthene, former head 
of Haivard I bnversitv s Program on Science and Socictv s 
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Economic forces in general help explain many aspects of 
technological development Corporations are interested in de- 
veloping and applying technologies that will reduce the costs 
of production, capture a larger share of the market, raise the 
productivity of their workers, and otherwise contribute to the 
bottom line on their profit and loss statements Similar, though 
less obvious, pressures also guide technological development m 
the centrally-planned industrial countries, where planning tar- 
gets and a variety of incentives seek to raise productivity and 
to push down the costs of production Tims, in an era when 
oil and gas we«\ sold for next to nothing and the price oi many 
materials was low and even declining, economic considerations 
led to the proliferation of technologies profligate m their use 
of energy and materials Similarly, economic forces provide one 
reason why production processes have become increasingly 
capital-intensive and labor-saving in a period when capital has 
been relatively cheap and labor relatively expensive in the in- 
dustrial world And the economic advantages of producing 
goods in large quantities help explain whv production pro- 
fesses, from power plants to automobile assembly lines, have 
become mcreasmglv centrali/ed and larger in scale 

Although economic forces clearly play a prominent role in 
shaping technological development, there is a vast amount of 
innovation for winch thev cannot account Weapons, space 
vehicles, law enforcement technologies, health care systems, 
and education techniques are not developed primarily for their 
economic payoff Nor are such activities as astronomy, high 
energy physics, and molecular biology supported simply be- 
cause they offer a promising rate of financial return Indeed, if 
economic forces alone were sufficient to drive technological 
development, corporations could be expected to carry out all 
the netessarv innovation, and the role of governments could be 
limited to setting the correct economic and regulatory environ- 
ment— or, according to the free marketeers, governments 
should snnpK get out of the wav In reality, every government 
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has a direct stake in technological development Government 
agencies fund a large fraction of national research and develop- 
ment efforts, they provide a major thrust to the development 
cf new technologies through their purchasing programs, and 
they underwrite the costs of educating and training scientists 
and engineers 

Overt political and social pressures thus shape a good deal 
of technological development, providing a driving force that 
extends well beyond strictly economic motivations But there 
are other, more subtle forces at work as well These stein from 
the very nature of industrial production and from the scientific 
values that undergird industrial society 

David Landes has pointed out, in his monumental study of 
technical change. The (Inbound Prometheus* that technologi- 
cal changes are closelv intertwined with changes m the organi- 
zation of production "Factor) discipline, 11 writes I andes, "re- 
quired and eventually created a new breed of worker, broken 
to the inexorable demands of the clock It also held withm itself 
the seeds for further technological advance, for control of labor 
implies the possibility of the rationalization of labor From the 
start, the specialization of production functions was pushed 
further m the factory than it had been m shops and cottages, 
at the same time, the difficulties of manipulating men and 
materials within a hunted area gave rise to improvements in 
layout and organization >v> 

In other words, production technologies not onlv combine 
energy and raw materials in the manufacture of goods, hut thev 
also provide the means bv which labor forces are rationalized 
and controlled David Dickson puts the case more chrectlv 
"Contemporary technology has been developed in industrial- 
ised societies m a wav that seeks to secure maximum control 
over labour, as much as maximum production of g<x)ds 

This view of technological change suggests that the develop- 
ment of new technology tends to build upon and reinforce the 
existing social and political relationships within society Tech 
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nology. in short, is part and parcel of the hierarchical power 
structure of industrial societies Moreover, the development of 
increasingly complex and centrally-controlled technological 
svstcins, according to tins interpretation, tends to increase the 
importance and influence of small groups of experts at the 
center of political and corporate power 

A similar impact is frequently seen when technologies devel- 
oped in the industrial countries arc transferred into the devel- 
oping world The transfer of tractors into rural areas where 
there arc wide disparities in wealth and economic power, for 
example, lias often resulted in increased incomes for the farm- 
ers who could afford to huy the machines, while small farmers 
and sharecroppers have been forced off the land as the large 
farms expanded Modern industries in Third World cities have 
also tended to fragment and destroy local networks of small 
businesses, resulting in greater wealth for those associated with 
the modern sector and relatively poorer conditions for those 
outside it Of course, technological change is not always detri- 
mental in its social impacts But no technology — however "ap- 
propriate" — can by itself change the social and political struc- 
tures that underpin many problems 

These interpretations of technological development provide 
important insights into the processes of technological change, 
and each of them helps explain why innovation has become so 
central to irdastnal society Yet none piovides a convincing 
framework, on its own, to account for ever* facet of technologi- 
cal change The reason is that technological, economic, and 
political forces are all involved m one way or another, and thev 
interact to produce a complex airay of pressures that push and 
pull technological development along certain paths 

Societv n thus not simplv a product of its technology 
Rather, the dominant economic, political, and social forces 
acting in societv guide the direction of technological change 
David Noble, a historian at the Massac \usctts Institute of 
I cc hnologv. sums up the pnx ess succ mc th "Technical imper 
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atives define only what is possible, not what is weccvAdrv, what 
can be done, not what must be done The latter decisions are 
social in nature Unfortunately, tins distinction between possi- 
bility and necessity is lost on most contemporary observers, and 
with it a large measure of imagination and social vision >>8 

An understanding of the forces that lead to technological 
change helps explain how it is that humanity has acquired such 
spectacular technological prowess yet continues to face prob- 
lems that seem to defy technological solution Part of the 
reason is that main of the problems are political economic, or 
social rather than technological Technological fixes can over- 
come strictly technological problems, such as how to improve 
the efficiency of an automobile engine, but they cannot solve 
wider political problems, such as how to reduce public depen- 
dence on automobiles 

Modern technology thus reflects the economic and political 
forces that have dominated industrial societv in the past feu 
decades These forces ha\e shaped the world's research and 
development svsteni, guided the application of new scientific 
knowledge, and influenced much technological development 
in the Third World But m the past few vears, mam of these 
forces have themselves changed fundamentally as encrgv 
prices have soared, economic growth has slumped, and public 
resistance to the growing power of big government and Luge 
corporations lias found widespread political expression Thus, 
mam of the technologies developed m the postwar era have 
become inappropriate in a funclamentalK changed world 

The ancient storv of I Iephacstus, the lame Creek god of fire 
and metalworking, provides nianv symbols for the role of su 
ence and technology m the eighties I Iephacstus was one of the 
ugliest and most irascible of the gods and was often disliked 
lie was twice cast from Olympus, once b\ his mother, Hera, 
who cast him out at birth because she was disgusted with his 
appearance, and the second tune by Zeus, who was angry w'lth 
him for siding with his mother in a conjugal dispute (Tins 
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second fall from Olympus, according to sonic accounts, was 
responsible for his limp, for he is said to have broken his legs 
when he landed on the :sland of Lemnos ) Yet, in spite of the 
antipathy that many of the other gods displayed toward Hepha- 
estus, he was eagcrlv sought after for his technological skills 
Hephaestus was an architect, a smith, an armorer, a chariot- 
builder, and an artist He fashioned delicate works of art, fur- 
nished weapons, and provided transportation in the form of the 
golden shoes with which the gods moved through the air In 
short, he was a central and indispensable part ot the workings 
of Olympus g 
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_ ometimc in the early seventies, the postwar era drew to a 
close No single event marked its passing, and only in retro- 
spect has it become clear that the world went through funda- 
mental changes in those years But it is now evident that shifts 
in the international balance of economic and political power, 
abrupt changes in the world oil market, rising Wis of inflation 
and unemployment, and the emergence of new social values 
and aspirations all contributed to an irreversible transformation 
in global affairs This transformation has had major direct and 
indirect impacts on the climate for technological change 

Two events in particular— the 1969 moon landing and the 
1973-74 oil embargo— symbolized the deep changes that had 



ERJC 21 



28 



The Cod That Limps 



taken place The moon landing, the pinnacle of a long and 
complex effort, demonstrated humanity's technological prow- 
ess in no uncertain terms It was a spectacular reminder of the 
success of the scientific and technological programs that were 
launched throughout the industrial world in the aftermath of 
World War II But }jst four years later, the oil embargo 
demonstrated the vulnerability of the industrial countries' pe- 
troleum-based economies, it exposed the vital links between 
the very technologies that had been at the core of industrial 
expansion and a finite resource whose control had largely 
passed into the hands of a few oil-producing countries The 
embargo signalled the end of an extraordinary era of cheap 
energy 

Abrupt shifts in the geopolitics, and hence the economies, 
of oil were not the only signs that the world was undergoing 
fundamental and irreversible changes The decade that began 
with men walking on the moon and which ended with men and 
women waiting in line for gasoline also saw the postwar eco- 
nomic boom sputter to an end A quarter-century of unprece- 
dented economic growth gave way to a series of recessions, 
high rates of inflation, and lengthening unemployment lines 
And as the decade advanced, hopes for a return to the postwar 
trends gradually dimmed 

\iiother sign that the postwar era had ended was the fact 
that the United States emerged from the seventies as no longer 
the undisputed woild economic leader During the past dec 
adc\ Japan and some Kurope.in countries began to offer a 
serious challenge to the United States in world markets— 
particularly those for high technology g<xxls in which Sinen 
can companies had long been dominant — and the balance of 
economic power shifted perceptibly awav from the North 
American continent \ few developing countries began to pen 
etrate markets in the industrial world with exports of manufac 
hired goods, a development that heightened economic compe- 
tition and altered the postwar structure of international 
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economic relationships 

In many areas, these transformations, problems, and discon- 
tinuities have heightened the need for innovation One urgent 
and obvious need, for example, is to nunc quidl) awiv from 
the postwar patterns of energ\ pr >duction and consumption, 
a task that will require new energy-conserving technologies and 
the development of new resources And the increased competi- 
tion in markets for lugh-teclmologv goods provides a major 
incentive for companies to innovate in order to maintain their 
products at the rutting edge of new teclmolog)— an incentive 
that us also causing mam governments to pav attention to wavs 
muhich the) can support their high-technologv industries Yet 
the economic downturn has simultaneously raised the need for 
new technologies and dampened the climate for innovation, 
for high levels of inflation and sluggish economic growth have 
depressed spending on research and development m some 
fields, and tliev have made mam companies unwilling to com 
nut large amounts of capital to new processes 

In anv case, recent cxpenciK e has shown that the technolog- 
ical formulas that appeared to work so well m the fifties and 
sixties no longer seem capable of producing the required re 
Milts Smiph pouimg moncv into the development of new 
technologies— in the manner of the effort to laud a man on the 
moon — cannot solve the encrgv c nsis, prodw e a t ure for can 
cer, or overcome hunger and malnutrition \nd even if there 
were a resurgence of innovation bv industrial corporations, it 
is unhkelv that there would he a return to the felicitous combi- 
nation of high rates of economic growth, low levels of inflation, 
and virtually full cmplovment that characterized much of the 
quartcT-ceiiturv following World War II 

The reasons are complex, but tliev are rooted in the fact that 
mam of the most pressing problems now facing the world are- 
as much social and political <is technological Attempts to solve 
encrgv problems bv force-feeding the development of nuclear 
power or bv burning more coal, for example, have clashed with 
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new social values that place a pre mum on safety and environ- 
mental preservation And efforts to increase food production in 
developing countries bv the use of tractors, high-vicldr •*> vane 
ties, and farming systems appropriate to industrial c iiintncs 
have raised gram yields, but they have done little to improve 
the nutrition of hundreds of millions of the world's poorest 
people — small farmers, the landless, and urban slum dwellers 
Current systems for generating and applying new technolo- 
gies were established in the economic and political climate of 
the fifties and sixties, -and they are slow to adapt to new reali- 
ties The world has changed fundamentally, but technological 
systems have changed little As a 1980 report by the Organisa- 
tion for Economic Cooperation and Development (OECD) 
has put it "Technical advance cannot be taken for granted 
Neither the rate nor the direction can now be regarded as 
satisfactory The rate has slowed down substantially, and 
the direction has meant that it is lacking in some areas 
where it is vitally needed ' M 

The Fnd of Cheap Oil 

Nowhere are these issues more prominently displayed than 
111 the upheavals in world energy markets and in the responses 
of governments to the energy crises that have erupted in I lie 
past decade The upheavals conveyed two clear messages the 
western industrial countries, together with many developing 
coimtric c have become critically dependent on a politically 
volatile region of the world for a substantial fraction of their 
oil supplies, and the long period of stable energy supplies and 
prices that stretched back for almost three decades has abruptly 
ended The responses to these upheavals have had an equally 
clear implication there is no technological fix, whether it be 
a massive program to develop nuclear power or a crash effort 
to produce synthetic fuels, that will ensure independence from 
imported oil or provide immunity from higher energy prices 



9 

ERLC 



27 



Technology in a New Kra 



:31 



The 1973-74 oil embargo and the associated rise in oil prices 
forcefully demonstrated the deep structural changes that had 
taken place in the world oil market over the previous decade 
Between 1950 and 1973, world oil production increased from 
4 billion to 20 billion barrels per year, climbing at a steady 7 
percent annual rate This gusher of cheap oil — its price de- 
clined substantially in real terms in this period — was poured 
into the growing automobile fleets, residential and industrial 
boilers, chemical factories, and electricity-generating plants of 
the industrial world Energy-intensive technologies developed 
in this period helped chang" the shape of cities, factories, and 
daily lues But these developments carried a hidden price 
growing dependence on oil suppliers halfway around the world 

Until 1970, oil production in the United States, the world's 
most voracious consumer, expanded steadily to meet most of 
the nation's growing demand These domestic supplies were 
supplemented by imports that came mostly from Canada and 
I Attn America But in 1970, production from American oil 
wells peaked and began to decline while demand kepi on 
growing As a result, the United States turned increasingly to 
the Middle East to fill the widening gap between its need for 
oil and its capacity to produce it Europe and Japan had long 
been dependent on Middle Eastern suppliers for much of their 
oil imports, with Japan importing almo:t 100 percent of its 
requirement This growing dependence was made painfull) 
apparent whui Arab oil producers shut off supplies to the 
United States and some European countries m 1973, and the 
Organisation of Petroleum Exporting Countries (OPEC) 
abruptly quadrupled the price of its product 2 

The events of 1973-74 sparked a good deal of consternation 
in the industrial countries and prompted a sheaf of studies on 
the world oil outlook The realization had finally begun to sink 
^n that industrial technology had become dangerously depen- 
dent on 1 source of energy that would eventually run out and 
that the patterns of production and consumption established 
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during the fifties and sixties would be unsustainable over the 
long term How long it would take before world oil production 
peaked and began to decline became a matter of intense de- 
bate, but the consensus during the late seventies was that the 
downturn would begin within twenty years ' 

In the meantime, world oil demand slackened The 7 per- 
cent growth rate of the sixties dropped to about 2 percent a 
year, and oil prices failed even to keep pace with inflation 
between 1974 and 1978 The oil crisis dropped out of the 
headlines But the Iranian Revolution provided another sharp 
reminder of the instability of world oil supplies 

The tight oil market that had been predicted for the nineties 
appeared abruptly in 1979, when Iranian production was 
sharply curtailed Although less than 3 million barrels of oil per 
day were removed from the world market — an amount equiva- 
lent to only about 5 percent of global consumption — the loss 
was sufficient to transform a small glut into a shortage OPKC 
members, taking advantage of the shortfall, boosted prices 
from $13 77 to $2845 per barrel between January 1Q79 and 
January iq8o In a decade, the price of oil had lumped by a 
factor of 15 4 Cheap energy, which had exerted a major influ- 
ence on technological change for a generation, had finally 
passed into history 

The disruptions in the world oil market that marked tlir 
close of the severities underscored a key point political as well 
as physical limits will determine the amount and cost of oil 
flowing in the world's tankers and pipelines during the next two 
or three decades Although the physical depletion of oil re- 
serves will inevitably cause oil production to decline in some 
countries — such as the United States, Venezuela, Romania, 
and pcihaps the Soviet Union — in main others, production 
will deliberately he kept below maximum levels 

There are sound reasons for such a policy For one thing, oil 
in the ground is a more dependable asset than are shrinking 
cloiiars in the bank \nd for another, main oil producers have 
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come to rcali/c that their economic and political goals are best 
met by gcatmg their oil income to their development needs 
That was the declared intention of the Iranian government 
following the downfall of the Shall, and Mexican President 
Lope/ Portillo announced that, in developing Ins countrv's 
new-found oil riches, "output should be kept down to levels 
commensurate with the country's abihtv to absorb the resulting 
massive revenues " s Kuwait, Iran, Iraq, Saudi Arabia, and Bah- 
rain hive all limited their production to levels well below their 
maximum capacitv 

In addition to planned production limits, sudden and unex- 
pected curtailment of oil supplies is an ever present threat The 
Iran-Iraq war m late 1980, for example, again removed some 
i> million barrels of oil per dav from the world market, and the 
hostilities threatened to spread to other oil producing coun- 
tries \ major calamity could result from a shutdown of the 
Strait of Horinu/ (at the mouth of the Pcrsrau Cult) for it 
would choke off some 40 percent of the W estern world's oil 
supplies And a revolution or abrupt change of pohev in Saudi 
Arabia could have a devastating impact on world oil markets 

Saudi Arabia is the world's largest oil exporter, accounting 
for about 1 5 peicent of global production, and it is sitting atop 
almost one-third of the world's proven oil reserves II is the 
pivotal power in the world oil market, for it can adjust its 
production rates to keep total supply and demand m balance 
and it has the greatest potential of any nation to increase its 
production in future vears "The massive dependence of tnc 
industrial world on one fragile regime is a frightening fact of 
modem life," states Harvard Business ScIkxjI Professor Robert 
Siobaugh (> 

The seventies thus saw a dramatic and fundamental change 
in the world s energy picture A quarter-century of steadilv 
grow.ng demand for oil and of steadily expanding production 
gave wa> to a series of upheavals, sharp price increases, and a 
growing precanoiiMiess m global oil supplies "Hie outlcx)k for 
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the next decade and bevoiul gives little cause for optimism, for 
even without a major disruption in supplies, markets are ex- 
pected to remain tight and prices are sure to increase rapidlv 
Snrvev mg the prospects late in igho the V S Office of Tec h 
nologv Assessment concluded that "it is highly hkek that there 
will be little or no increase m world production of oil from 
conventional sources 

These developments have had a vanetv of direct and inchrec t 
impacts on science and technology The most obvious is the 
painful demonstration that scientists and engineers hold no 
simple technological solutions to the world's energy problems 
the expectation, built up during the fifties and sixties, that the 
Oil \ge nould dissolve smoothly into the Atomic Age, lias 
foundered on the harsh experience of the seventies \nd while 
govenmi nts continue to pour vast sums into the development 
of major technologies such as the production of synthetic fuels 
and the construction of experimental nuclear breeder n\;uors, 
it tias b'xomc clear that such programs alone cannot nuv salva- 
tion from escalating oil prices Kach new technology spav.ns a 
host of new social, political, and economic problems h 

Ml of this has affected public attitudes toward science and 
technology, for large-scale energy projects have become the 
most prominent svinhols of the negative side effects of techno- 
logical advance, and thev have become the major battlegrounds 
on which new social and environmental values have clashed 
with the technocratic, growdi oriented values that have shaped 
industrial society for several generations 

The fate of President Nixon's highly publicized Project In 
dependence demonstrates the impossibility of trvmg to per- 
petuatc the patterns of energv consumption established in the 
postwar era bv reiving on massive technological programs to 
bung forth new energy supplies Lmnchczl in io/n, the 
wake of the oil embargo, Piojeet Independence was designed 
to make the United States independent of imported oil by 
1985, clneflv bv boosting nuclear power, coal, and domestic oil 
and gas production (\ixon initially stunned even Ins own 
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JcKiscrs b\ announcing th>t independence would be achieved 
b> ig8o, but tlie target was quickk moved ahead five vears ) 
Announced with tlie same fanfare that surrounded President 
Kenned) *s pledge of a decade earlier to put a man on the moon 
— and using a similar approach — Nixon's appeal to the wiz- 
ardry of American technologv was tar less successful 

Instead of becoming less dependent on foreign oil, the 
United States increased its imports substantial!) during most 
of the seventies Bv 19-8, imported oil accounted for almost 
half the nation's oil consumption, compared with less than 
one-third when Project Independence was launched Nuclear 
power, the centerpiece of the project, suffered severe setbacks 
as public opposition mounted, construction costs escalated, 
major uncertainties surrounding waste disposal and safetv re- 
mained unresolved, and, with the accident at Three Mile Is- 
land, public fears deepened The development of coal and oil 
shale resources also ran into a daunting arrav of environmental 
and economic harriers The estimated cost of producing svn- 
thctic fuels from coal and shale, for example, lias risen even 
faster than the price of oil. and the projected contribution of 
these fuels to domestic encrgv supplies lias slipped steadilv 
! he harsh lesson of the Project Independence fiasco was tins 
the United States mav well have the technological capacitv to 
achieve encrgv independence bv a crash program to develop 
encrgv supplies, but exercising that capacitv is not politically 
cnvironmcntallv , 01 sociallv acceptable 

I' or mauv scientists and engineers, the difficulties eiicoun 
tered bv attempts to boo^t conventional and nuclear encrgv 
technologies arc not casv to accept Accustomed to the well 
clc fined world of fac ts, figures, and risk auahscs, sc icutists have 
often argued that those who oppose nuclear power, synthetic 
fuels plants, and similar technological projects, displav an anti 
scientific or anti technological attitude Yet solar encrgv and 
encrgv conservation, which enjov popular support among those 
who question the clesirabilitv of pushing ahead with massive, 
centralized encrgv -cleu^pinent programs, themselves require 
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the development of a range of sophisticated new technologies 
Indeed, the path to increased energy efficiency and greater 
reliance on renewable energy resources is no less technologi- 
cally challenging than one that emphasizes growth in conven- 
tional energy production and consumption 

The example of the American automobile mdustrv indicates 
the scale of the technological changes needed to adjust from 
an era of cheap oil to one in which oil prices are climbing 
sharplv During the fifties and sixties, American automobiles 
became heavier, more powerful, and laden with energy -con- 
suming accessories Technological innovation in this era con- 
sisted mostly of annual changes in body design As a result, the 
average energv efficiency of new cars dropped steadily, in 197}, 
when the oil embargo struck, Detroit was producing its most 
inefficient range of cars in almost half a century But in the past 
few \ears, prodded first by government regulations and then bv 
threats of bankruptcy, the industry has been transforming its 
products Technological change has been more rapid than at 
anv tune m the automobile industry's lustorv, and by 1 985 . the 
average car rolling off the assembly lines will get more than 
twice as mam miles per gallon as did its predecessor of a decade 
earlier ( > 

Between 10*7$ J"d i<^5. the industry will have spent some 
SSo billion on new assembly plants, and it will have made 
technological changes ranging from the development of mini- 
computers for the control of engine performance, to the manu- 
facture of lighter bodv components In industry after mdustrv. 
similar efforts will be required to transform technologies devel- 
oped 111 an era of Sz-a-barrcl oil to technologies suitable for an 
era when oil costs $$0 a barrel As a study by the V S National 
\cadcmy of Sciences concluded, "a low-energy future offers 
strong incentives for technological innovation The tech 
tuques used to bring about energv reductions reported m this 
study in almost everv case relv o:« the use of advanced technol- 
ogy 

The Academv committee's central conclusion was that the 



ERLC 



33 



I'cchnoloff* in d New I'M 



United States could enjov strong economic growth while hold- 
ing its demand for cnerev virtuallv constant or, under some 
conditions, even reducing its overall energ\ consumption The 
kev to these projections is the use of strong energ\ conservation 
measures and the development of new technologies that use 
energv more efficientK 

In manv respects, such projections are based on a trend tint 
appeared in the seventies, a trend that represents a marked 
break with postwar patterns of energv consumption and eco- 
nomic growth Throughout the fifties and sixties, energv con- 
sumption and economic growth were tightlv linked in the 
industrial countries Kach percentage increase in gross national 
product w mate heel hv a similar percentage increase m energv 
demand But hv the late seventies, energv consumption was 
increasing at about half the rate of G\P growth m manv 
countries the links between energv demand and economic 
growtli were not as strong as thev appeared to be in the postwar 
era 

The energv crises that emerged during the seventies ha\e 
tlm . raised a host of issues in which science and tcchnologv 
plav a central role But urdcrlv mg the fierce debate over energv 
polio that has erupted throughout the industrial world is a 
clash of values Choices of energv suppK technologies, and 
decisions to stimulate energv conservation, are not sunplv tech 
nological matters Tliev involve a complex arrav of economic, 
social, political, and environmental issues Not oulv have the 
energv upheavals of the seventies ushered in a new energv era. 
but thev have also exposed the wider context in which techno 
logical decisions are made 

I 'ram \hundamr to Scarab 

Kor a generation raised on the headv brew of cheap resources 
and rapidlv advancing technology the energv crisis of the earlv 
seventies came as quite a shoe k It provoked a searching mquirv 
into the finite nature of global resources md the capabihtv of 
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technology to overcome hunts to growth But the changing 
energy picture was not the onK indication that the world v\as 
in the midst of a transition from abundance to relative scarcity 
in a feu vital areas 

The early seventies saw a sudden and disturbing deteriora- 
tion of the world food economy, as reserve stocks dwindled to 
almost nothing and widespread starvation appeared in Africa 
and Asia The immediate cause of the scarcity was a combina- 
tion of poor harvests in the Soviet Union, the Indian subconti- 
nent, and sub-Saharan Africa, together with a decision by the 
Soviet government to make up its shortfall of gram by record 
purchases from the United States The world food economy 
improved in the late seventies, however, thanks to a string of 
good harvests, but as the world entered the eighties, there were 
gathering signs of further shortages 11 

These ups and downs in the availability of food on the world 
market were pmiunU caused bv climatic fluctuations, but thev 
masked a dangerous underlvmg trend In the quarter-centurv 
following World War II, the world grain harvest nearlv clou 
bled, climbing from 685 million tons to 1 ^ billion tons This 
unprecedented increase was sufficient to keep f<X)d production 
at least a half step ahead of demand from a rapidlv swelling 
world population Rut bv the mid-scvcntics, one of the prime 
sources of increasing crop production had virtuallv been ev 
hausted, for almost all the world's available cropland had been 
brought under cultivation Indeed, in the past few years, there- 
have been warning signs that some of the land now m cultiva- 
tion is deteriorating, as soil erosion has reached unsustainable 
levels in main regions 12 

This means that virtually all the increase in food production 
for (he foreseeable future will have to con- from raising vields 
per acre, a prospect made especially difficult bv the fact that 
all the yield-iiRreasmg technologies introduced in the past few 
decades — fertilizers, pesticides, herbicides, and irrigation— arc 
energy-intensive \ projection published b\ the U S govern- 
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rnent puts the task in perspective "In the early 1970s, one 
hectare of arable land supported an average of 2 6 persons, b\ 
2000 one hectare will have to support 4 persons " n 

These global estimates hide vet another fundamental!}' im- 
portant feature of the world food economv that has developed 
over the past generation the growing dependence on North 
\mcrica On the eve of World \\ ar II, only Western Europe 
was a major importer of grain, most other regions of the world 
were at least self-sufficient But during the past quarter-cen- 
tury, fewer and fewer countries have been able to meet their 
grain needs through domestic production, and thev have 
turned incrcasmglv to the United States and Canada to fill the 
gap Bv the mid-seventies, North \menca was the onh region 
of the world with a substantial food surplus, its exports ac- 
counted for about two-thirds of the global grain trade Tins 
heavv dependence on North \mencan croplands has made 
gram importers even where dangerouJv vulnerable to shifts m 
the weather patterns (and shifts m the agricultural policies) of 
a single cliwiatic region 

It is not (list m terms of crop production that the world food 
prospect has undergone a major transformation in the past 
decade \s Lester Brown has pointed out, the per capita pro- 
duction worldwide of fish. beef, and mutton all peaked during 
the seventies, and have now begun to decline These trends 
raise the need for nvw technologies to boost food production 
in the vcars ahead But the experience of the past generation 
has shown that new technologies alone will not be enough to 
ensure that food is available to those who cannot afford to hu\ 
it These trends have sobering implications for the food outlook 
111 the eighties and bevond 14 

\\ ater i\ iinother resource whose abundance has been taken 
tor granted m past decades but wine h may become incrcasmglv 
scarce in the vcars ahead Richard Barnet argues in his book 
the Lean Years that ''because water is so obuouslv a finite and 
scarce resource, and because there are alwavs competing drink- 
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ers, irrigators, and industrial users for the same water, conflict 
is inevitable " Yet water, like energy, has for decades been 
taken for granted Technological development has conse- 
quently treated it as a "free good," a renewable resource whose 
cost could virtually be ignored in the planning of new projects 
Its real value will only become obvious when, like euergv, 
reservoirs become depleted The report of the (Global ;?ooo 
study, a major US government projection of resource and 
cnvironmenta 1 trends to the end of the centurv, estimates that 
demand for fresh water worldw ide will increase bv between 200 
and ^oo percent dunng the final quarter of the twentieth 
centurv "Muclfof the increased demand for water will be 111 t 
the (developing) countries of Africa, South Asia, the Middle 
Fast, and Latin \1ner1ca, where in manv areas fresh water for 
human consumption and irrigation is alreaclv in short supplv/ 
the study notes 1S 

In the industrial countries, too, competition for water sup- 
plies between industrial uses, energy production, urban expau 
sion, and agricultur ^ likelv to intensifv The western United 
States, which has < >ive untap[)ecl euergv resources, large 
areas of irrigated agnailturc, and rapiclK expanding cities, is 
likelv to see increasing competition for water supplies m the* 
vears ahead Mreadv, water is :n short supplv The waters of the 
Colorado River, the lifeline ot the and Southwest, are almost 
fully used, and there is little scope for meeting further cle 
mancK More worrving the Ogallala aquifer, an underground 
reservoir that supplies irrigation water for a large area of the 
western plains, is showing signs of depletion Some 40 percent 
of the gram fed beef raised 111 the United States are fattened 
in an area dependent on the Ogallala, notes science writer John 
Walsh, but "cngin rnug studies indicate that underground 
watei in this region nuv be depleted in three to tweiitv 
vears 

Renewable resources, bv definition, are not supposed to run 
out But during the seventies, evidence mounted that so called 
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renewable resources m mam regions were under severe pres- 
sure as rising demands began to push biological systems to the 
limits of their productive capacity and bevond The deteriorat- 
ing soils in manv parts of the world, declining fish catches, and 
deforested hillsides bear witness to these trends But the re- 
source that is in perhaps the most parlous state in some regions 
is wood Stuck after study lias indicated that tropical forests are 
shrinking at an alanmng rate under the pressure of rising de- 
mand for agricultural land, commercial logging operations, and 
the collection of firewood This has already resulted in severe 
social and ecological problems in main areas, as firewood prices 
have snared, and as soil erosion has accelerated on deforested 
hillsides \s a result, the Global 2000 studv concludes that 
"the real prices of wood products — fuel wood, sawn lumber, 
wood panels, paper, w<x)d-basecl chemicals, and so on — arc 
expected to rise considerabk In the industrialized nations 
the effects mav he disruptive, but not catastrophic In the less 
developed countries, however, wcxxl is a necessity of life I ,oss 
nf woodlands W ill force people 111 manv I .DCs to pay steeplv 
rising prices for fuclwood and charcoal or to spend much more 
effort collecting \v(x)d — or else to do without M? 

The transition from abundance to scarcity was predicted 
even before the energv crisis of the earlv seventies, with the 
197; publication of / units to Growth A computerized stuck 
of the world economy and global resources, it essentially con- 
cluded that continued economic giowth would result in serious 
resource depletion, coupled with rising levels of pollution Flic 
stuck sparked a heated controversy, it came under heavy fire 
for ignoring the potential for technological change to break 
through the planetary limits that lie ahead Technology, after 
all, had overcome shortages of food, energy, and raw materials 
in past centuries, and there was no reason to expect that it 
would not be able to repeat the performance 111 tl.r future lH 

The Lmuts to Growth mav indeed have been unduly pessi- 
mistic m some respects Rut impending, if not actual, shortages 
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of both renewable and i ion renew iblc resources place a licavv 
burden on technological change The energy-intensive, envi- 
ronmental!) disruptive technologies developed in an era of 
c heap and abundant resources are contributing to some of the 
problems that have emerged in the past decade Changes in 
technological direction have become imperative 

A \e\v Fcanomic I imronmcnt 

Kveu before the upheavals^ world oil markets broke the 
postwar patterns of ciiergv production and use, there were signs 
of mounting stress in the world economy Inflation began to 
accelerate m most countries in the late sixties, and unemploy- 
ment levels began to chnib But the abrupt use \\\ oil prices in 
107V74 exacerbated these trends, ushermg 111 a period of 
sluggish economic growth, global inflation, and mounting 
uncmplov incut that has stretched into M .e earlv eighties and 
shows little sign of ending 

Technological innovation :s widelv viewed as a solution to 
man} of these economic problems, for new technologies have 
traditionallv helped boost economic growth bv providing new 
wavs to produce goods more chciplv But innovation itself is 
more difficult to achieve in a depressed economic climate, and 
m anv casc\ there is no reason to c\pc< t tlut a return to postwar 
patterns of innovation will he anv more successful than a reUiru 
to postwar economic planning in overcoming the economic 
problems of the eighties 

The svniptouis of global economic malaise are casv to de 
scribe, but the underlying causes are difficult to diagnose The 
most obvious svmptom is a global inflation rate that continues 
to accelerate inflation, wlm h has appeared throughout historv 
m individual countries in tunes of war, p<x>r harvests, and 
similar periods of stress, has become a global phenomenon Vi 
It jfFuts even the (cntrallv planned economies, where control 
of prices should make them less vulnerable to inflationary pres 
sures (See I able 2 \ ) 
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Table 2 1 Vverage \nmial Rate of Inflation in Selected Groups of 
Countries 

Countn group /q6y/-"vj i()-o-So 
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At the same time, the global economy lias lost much of the 
buoyancy it displayed in the postwar years The combined gross 
national product of the western industrial countries and Japan 
grew by more than 4 percent a year in the fifties, and by more 
than 5 percent a year between i960 and 1973 But from 197} 
to 1979, the industrial economies grew by only 2 5 percent a 
vcar, and they entered the eighties 111 a state of recession 
Similar trends were evident in the Soviet Union and Eastern 
Europe, where annual growth rates slumped from 9 5 peicent 
to 6 5 percent, and finally to 5 5 percent during the same 
periods of time 20 

The oil-importing developing countries also saw their eco- 
nomic growth rates slow clown in the seventies Between 1965 
and 1973, in spite of rapid increases 111 their populations, thev 
boosted economic output per capita at a 3 7 percent annual 
rate But between 1975 and 1978, their per capita growth rates 
slumped to 2 3 percent a year Among the hardest hit were the 
poorest African countries, whose per capita growth rates 
dropped from 1 6 percent a year in the sixties to just o 2 
percent m the seventies "On average their people are as badly 
off at the end of the decade as they were at the beginning," 
stated a 1980 report by the World Bank 21 

One consequence of the slowdown m growth rates and of 
efforts to dampen inflation has been a surge m global unem- 
ployment Each year since 1975, the total number of jobless 
people has increased in K'irope. and in 1980, more than 20 
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million were out of work m Western Europe, North America, 
and Japan confined In the developing world, unemployment 
and underemployment has reached epidemic proportions, as 
the number of jobs created in industry lias fallen liopelessK 
short of the growth in the number of people looking f^r woik 
While accurate estimates are difficult to make, the Interna- 
tional Labor Office suggested that in the late seventies, close 
to a haif-billion people were unemployed or severely underem- 
ployed in the developing countnes "Chronic high unemploy- 
ment seems to have become entrenched in most of the world 
economy, and traditional measures for combatting it appear 
inadequate or inappropriate — or bot'i," Kathleen Ncwland 
noted in a 1979 study of world unemployment problems 22 

These high rates of unemployment in the industrial world 
make labor-saving technological uiange — the basis of much of 
the rise in productivity in the postwar period — both more 
difficult u.k! socially divisive And the |obs crisis in the Third 
World calls into question the advisability of basing develop- 
ment programs on the use of labor-saving technologies im- 
ported from the industrial countries 2 * 

While the economies of individual countries have encoun- 
tered a combination of seemingly intractable problems, inter- 
national economic relations have also undergone major upheav- 
als The early seventies saw the 1 .cakup of the mternadoiH 
financial arrangements that were established at the i 
V .rid War II, under which currency exchanges wen fi- 
nally fixed to the price of gold The system began to c run Mi- 
ni 1971, when President Nixon took the United States off the 
gold standard, an action that effectively devalued the dollar 
against other major cinrencies And the postwar arrangements 
collapsed completely in 1973, 1 ■ en exchange rates were al 
lowed to float 

There followed a period of violent fluctuations 111 interna- 
tional financial markets, and many governments were forced to 
take painful steps, such as tightening credit and reducing gov 
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eminent expenditures, in order to stabilize their currencies 
The fluctuations led to changes in terms of trade, those coun- 
tries whose cuireneies were effectively devalued saw the cost of 
their imports rise, therein adding to inflationary pressures, and 
those countries whose currencies rose found it more difficult to 
b(X)st tlieir exports 

These gyrations m international economic affairs were al 
reach under vva\ before the 1073-74 oil price increases, but 
those increases added to the instability Thc\ prompted the 
largest international transfer of capital in history, and the 01I- 
cxportmg countries ran 110 current account-surpluses of more 
than S60 billion 111 1074 Some of this money — which rapidlv 
became known as petrodollars — was returned to the industrial 
countries through purchases of capital equipment, technology 
and consumer goods, and some was reevded thn ugh deposits 
in private western hauls The boost m oil pric* that occurred 
in io"0 has again thrown immense strains on the international 
financial svsteni The combined surpluses of the oil-exporting 
countries amounted to about Si 10 billion 111 ig8o 24 

I h.s unprecedented international movement of capital has 
had widespread repercussion^ It has aggravated the balance-of- 
pa\ incuts problems of manv oil-importing countries, especialk 
of developing countries, winch were faced with a combined oil 
bill of some $4- billion in igSo It has greatlv increased inter- 
national competition in export markets, as countries seek to 
raise their export earnings 111 order to pay tor oil imports And 
it has \astlv increased the role of private commercial banks m 
the mternation.il economic svsteni Private banks have plaved 
a kev role 111 recvclmg petrodollars, and thev have made huge 
loans to developing countries to help them pay their oil import 
bills By mid- > 070 — before the oil-price rises hx)k place — de- 
veloping countries had built up a combined debt of $221 bil- 
lion to commercial banks, with Brazil alone owing more than 
$3; billion The interest pav incuts on these huge sums of 
nionev were beginning to strain the futauc es of many countries 
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by the cud of the seventies, raising concerns for the overall 
viability of the international monetary svsteni 2S 

The economic problems and dislocations that have surfaced 
m the past decade are closeh interlinked, and thev have sev- 
ered the economic trends and international financial relation- 
ships that persisted for a quarter-century after World War II 
The\ have also deeply affected the environment for technologi- 
cal change The slowdown in economic growth and constraints 
on government spending have reduced the growth in expendi- 
tures on research and development in many countries In addi- 
tion, according to a stud\ by the Organisation for Economic 
Cooperation and Development, "the stagnant economic cli- 
mate has been attracting R&D in most sectors towaids the 
short-term and the safe " In an era of slow growth and eco- 
nomic unccrtamtv, pnvate industry is more reluctant to make 
investments in new technologies to mcrca*'* productivity 2 '» 

For developing countries, the economic uncertainties, es- 
calating energv prices, and heavv debt burdens accumulated in 
the seventies have made development programs more difficult 
tr achieve In particular, thev have raised serious doubts about 
the wisdom of following the industrial world clown the path 
toward energv -intensive svstems of production and consump- 
tion, and thev have led some countries to take a new look at 
the possibilities for developing their own energv resource 

.1 Restructured \X arid f cotiomv 

The United States emerged from World War II as the 
undisputed world leader in industrial and technological power 
Throughout the fifties and sixties, \mcrtcan corporations 
clonrmtcd world trade in high technology goods, and com 
mentators in Kurope warned repeatedlv of the economic dan- 
gers inherent in the "technologv gap" between the United 
States and the rest of the industrial world During the seven- 
ties, however, the international distribution of technological 
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power changed fuiiclamciitallv, with Japan and sonic European 
countries offering strong competition m world markets 

In manv respects, nicsc developments are not too surprising 
\inencan dominance in science and technology in the postwar 
>c\irs was parth a result of the fact that the country emerged 
from W orld \\ ar II * ,th its industrial and technological capac- 
ltv essentials intact Indeed, its technological nr.ght had been 
considerably enhanced bv massive government support during 
the war vears and bv the immigration of manv leading Euro- 
pean scientists and engineers before and after the war The 
United States technological dominance was, therefore, some- 
what aitificidh and it was bound to erode following the success- 
ful rehabilitation of the war-torn economies of Europe and 
japan 

Measured in ternr ' changes >n the relative distribution of 
production among the .ding nnncommumst industrial coun 
tries, the economic rise of Japan and \\ est Germain is striking 
In the mid-fifties, the UnTfed State- accounted for almost 
two thirds of the combined production of the seven largest 
OECD countries, but bv the mid seventies, its share had 
shrunk to less than half West Germain increased its share 
steachlv, overtaking Britain and Erancc in the mid sixties, while 
Japan boasted unprecedented rates of growth R\ i<ro, Japan 
had become the second largest economic power m the non- 
mmimimst world it* share nl total production among OEC.H 
countries increased hv more than a tactor of four between the 
mid fifties and Mie mrJ-seventies 2 ~ (Sec 'Fable 2 : I 

\Ithougi. >hcsc trends have been a long time in the making 
and reflect i;ie mesitablc economic iccoverv of Europe and 
Jipan, thev did 11 )t become s onspiciious until the global econ- 
or ■ lust iiKMnciituiii m the mid-seventies A* the mclustiuil 
c timtncs trier 1 [ t * I K>st their exports in order to pav for im- 
ported oil \\\v'^{ .11 corporations found themselves 111 a highh 
competitive environment Even m domestic markets tor goods 
such as steel and automobiles, \1ner1can manufacturers en 
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Table 2.2 Changes in the Share of Production Among the Seven 
targest OECD Countries. 1955-1974 
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countered stiff competition from European and Japanese com- 
panies, and imports captured a growing share of U S sales For 
0 nation that had held a dominant position in the world econ- 
omy for more t\an a generation, this new economic reality 
became a source of deep concern 

Just how much has the United States economic and techno- 
logical leadership been eroded 7 The evidence is conflicting, but 
it is clear that there have been deep structural changes in the 
world economy during the past decade or so Relative changes 
in national technological capacity lie at the center of these 
economic shifts 

In terms of productivity — a key measure of economic per- 
formance — the United States still ranks above every other 
country In 1978, Ficnch and West German workers produced 
about 15 percent less than their American counterparts, Japa- 
nese workers produced about one-third less, and British work- 
ers about :o percent less But every country, including Britain, 
has improved its productivity more rapidly than the United 
States during the past quarter-century In 1950, productivity in 
the United States was more than six times higher than that in 
Japan, 2 5 times higher than that in France and West Ger- 



ERLC 



45 



iechnolog} in a New Kra 



49 



many, and almost twice that in Britain 28 7St*-Xlb)c 2 3 ) 

There arc many reasons why productivity growth rates have 
differed so markedly over the past decade or so Among the 
contributing factors are differences m levels of investment u..d 
savings, differences in structure of labor forces, and differences 
in rates of inflation and unemployment A study- by the U S 
National Science Foundation has also suggested that "part of 
the country differences in productivity gains may stem from 
the fact that the United States is at a much higher level of 
national production than other countries and thus may possiblv 
be experiencing the diminishing rates of return effect often 
associated with an increasing scale of economic activity" 20 
Furthermore, when Japan and Wet Oermanv rebuilt their 
shattered industrial plants, they were able to use the latest, 
most productive technologies Whatever the causes of the 
changes in relative productivity levels, however, it is clear that 
the leading nations of the \\ estern world — with the exception 
of Britain — are becoming more homogeneous in their indus- 
trial productivity, winch in turn suggests that their technologi- 
cal levels have also evened out How have these shifts affutcd 
international markets for high-technology goods'* 

Bv all appearances, the I 'nited States has seen its dominant 
position greatlv eroded i.i n;8o, for example, more than one- 
car in four sold in the United States was imported A vear 

'I able 2 ^ Grovs Domestic Product Per Worker in Seleited Countries. 
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earlier, Japan had overtaken the United States as the world's 
largest automobile manufacturer Bv the late seventies, the 
\inerican steel industry was in serious difficulties, reeling under 
the impact of cheaper imports from more productive nulls m 
Japan, Kurope, and some Third World countries And in man\_ 
areas of consumer electronics, Japanese companies were domi- 
nating world markets to the extent that \merican companies 
had dominated them a decade earlier 1 

In terms of international investments h\ multinational cor- 
porations, there has also been a decline in U S dominance, 
reflecting the growing economic strength of other industrial 
countries \c cording to a stuck b\ the United Nations Com- 
mission on Transnational Corporations, the American share of 
direct foreign investment worldwide dropped from 53 <S per- 
cent in i'/)~ to 4" 6 percent in 1976, and Britain's share sank 
troin 1 o () to 1 1 2 percent In contrast, Japan mc reased its share 
from 1 4 to f) - percent, and \\ est Gcrnianvs share rose from 
2 S to 6 <) percent Thus, while the United States remains bv 
far the leading s' unc of foreign investment, some other nidus 
trial countries an 11c rcasing their overseas activ ities at a much 
faster pace 3l) 

This trend is evident, for example, in nncroclcc tronic s — one 
of the hottest lugh-tc< Imologv areas 111 the past few vears In 
the carlv seventies, the United States held a virtual nionopok 
on this technology but bv the eark eighties, \uierican compa- 
nies weie encountering stiff competition from foreign maim 
tacturers Japanese and Kuropean corporations invested in U S 
microelectronics companies, acquiring some 1 s percent of 
\mcTiiJti manufacturing capacitv in this field Several Japa- 
nese corporations also established Kuropean manufacturing 
facilities to compete head-on with the United States and 
kurope 111 the Kuropean market 11 

Vet, in spite of these developments, the United States re 
tamed a healthv trade balance in high -technology goods during 
the seventies It exported far more in the wav of computers. 
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militars equipment, aircraft, and similar sophisticated products 
than it imported In 1977, lts trade balance in high-tcchnolog} 
goods amounted to $27 6 billion, while it ran up a trade deficit 
of $244 billion in other goods American high-technology ex- 
ports are clearly a crucial factor in offsetting the nation's 
mounting oil-import bvlls Indeed, international trade in gen- 
eral has become increasingly important to the U S economv 
111 recent yc?rs Imports and exports combined rose from 6 
percent to 1 2 percent of the nation's GNP between 1970 and 
19S0, a striking indication of the growing economic inter- 
dependence among the industrial countries' 2 

As it enters the eighties, the United States is still the world's 
leading economic and technological power, but its dominance 
is not as absolute as it was m the postwar vcars The industrial 
countries have become more interdependent, with industrial 
and technological capautv more evenly divided among them 
For each of them, maintaining their domestic industries at the 
tutting edge of new technologv has become a central concern, 
and as the world econoinv has become flaccid, tins concern has 
intensified Technological competition from abroad has be- 
come one of the chief incentives for innovation m the nidus 
tail world 

\\ hilc the western industrial countries and Japan have been 
building up tlicir lugh-tcchnologv industries, the Soviet Union 
and Kastern hurope have aiso been pumping large ainoun.s of 
resources into technological development Although direct 
comparisons arc difficult to make, it is believed that the Soviet 
Union is devoting a much larger share of its gross national 
product to research and development than are the western 
industrial countries A study bv the US National Science 
Foundation has reported, for example, that Soviet outlavs on 
R&D 111 the late seventies amounted to about ^4 percent of 
the nation's gross national product, compared with about 2 2 
percent in the United States The Soviet Union, moreover, has 
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more scientists and engineers working in R&D laboratories 
than has any other country 33 

These investments of money and talent have produced some 
impressive results Soviet basic research in fields such as mathe- 
matics, electrochemistry, and theoretical physics is widely re- 
garded as among the best in the world, and in sonic heavy 
industries such as mining and metallurgy, Soviet technology is 
on a par with that of the western countries But by several 
measures, the overall level of Soviet technology* lags behind 
that of the W estern world 

In spite of its heavy support for science and technology, the 
Soviet Union continues to import advanced technology from 
the West, while exporting very little of its own outside Eastern 
Kuropc This reliance on technology imports was underlined in 
late 19-79, when President Carter curtailed exports of Ameri- 
can technologv to rhe USSR — a decision that was prompted 
by the Soviet invasion ot Afghanistan Between 1970 and 1977, 
for example, the Soviet Union imported some S3 3 billion 
worth of machine tools from the West, about one-fourth of 
which were highly advanced, automated machines This level 
of imports suggests a lag in a sector that is critical for u 
Soviet industries "* 4 

The Soviet Union has been forced to import large quantities 
of oil-drilling equipment In 1978 alone, some Si billion worth 
of oil-drilling equipment was bought from \\ estern Kuropc 
and North America to aid in the USSR s massive effort to tap 
its oil reserves in Siberia and offshore in the Caspian Sea And 
throughout the seventies, Soviet officials went chopping for a 
vanetv of other items of advanced technology in western coun- 
tries, buying entire auto and truck assemblv plants, electronic 
equipment, steel nulls, chemicals, and chemical plants These 
purchases were designed to moderni/e Soviet mdustrv as 
swiftly as possible ,s 

But 111 a critical area, military and space technology, the 
Soviet Union has made enormous advances Indeed, a massive 
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study prepared for the U S National Science Foundation sug- 
gests that the concentration of scientific and technolbgical 
resources on military projects in the USSR niav help explain 
why Sov let technology in other areas is lagging "Much like the 
United States," the study suggests, "the Soviet regime has 
spent enormous sums on defense, aerospace, and nuclear R&D 
while uiiderinvesting in industrial R&D Nor has there been 
any substantial spin-off from these national security and high- 
technology reLted projects in terms of civilian applications to 
national needs and improvements in the quality of life The 
resulting pattern has been a high cc».c< ntration of talent and 
money in defense and space and a seriously distorted deploy- 
ment of S&T [science and technology] resources " 36 

The Soviet Union's success in developing its military tech- 
nologies has been both a response and a stimulus to defense- 
related science and technology m the United States The vast 
sums of money poured into defense and space laboratories 
produce new technologies that in turn prompt further techno- 
logical eountermeasurcs Indeed, the threat of Soviet military 
developments has always been a major factor in the planning 
of science and technology m the United States, a fact that was 
particularly evident in the late fifties and early sixties following 
the launching of the Spu f nik satellite And the technological 
arms race will continue to dominate the science and technol- 
ogy policies and resources of the two superpowers during the 
eighties ( see Chapter 3) This wiH further distort their patterns 
of technological development compared to those of other in- 
dustrial countries, for as the United States and the Soviet 
Union continue to divert a large share of their scientific and 
technological resources into the military, countries such as 
Japan and W est Germany will be putting most of their scien- 
tific funds and talent into the development of technologies 
more closelv linked to industrial devv lopmcnt Japan and West 
Germany have, in fact, already overtaken the United States in 
terms of the share of gross national product invested 111 non- 
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military research and development Tins measure alone marks 
a* significant departure from the postwar dominance of the 
United States in all areas of research and development 

A final area of the global ccouoniv that has undergone struc- 
tural change in the past decade or so is trade between the 
developing and industrial countries The rapid industrialization 
of a few developing countries in the sixties and early seventies 
has resulted m a major increase in their exports of manufac- 
tured goods, as well as an increase in the volume of sophis- 
ticated products they import from the rich countries In other 
words, some developing countries have become more tightlv 
integrated into the world economy, a development that has 
raised important questions concerning policies for science and 
technology m developing and industrial countries alike 

This grovung interdependence hetvseen rich and poor coun- 
tries has led main influential analysts to argue that further 
industrialization in developing countries and continued grov\ th 
in trade will ultimatelv benefit both the developing and 
industrial worlds In effect, the developing countries are seen 
as "engines of growth," whose industrial development will IcmcI 
to increased demand for products from the industrial countries 
and hence to increased global economic growth *~ 

Although then* »u' doubts about how svwftlv such a scenario 
will unfold and legitimate coin ems about how the benefits ot 
such growth will be divided (see Chapter 5). the industriahza 
tion that has alreacK taken place in a tew developing countries 
has raised new pressures for innovation 111 the industrial world 
\s a studv bv the Overseas Development Council has pointed 
out, "some ot the more advanced seini-indisstrKilized countries 
circ now at a stage where tliev are slutting from labor-intensive 
industries to those using more capital and higher skills These 
countries arc Jreadv leonenting their exports from products 
such as clothing and shoes toward items such as dectn nus, 
steel automobiles, and inachmerv This suggests that less cle 
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v clopcel countries will be able to produce and sell more high- 
tcchnologv g<x)ds and that industrial countries will face stiftcr 
competition tor markets tor goods the\ now produce and ex- 
port On the one hand, this allows that the basic dvnamism of 
the world ccouoim is at work, on the other, it implies that 
continuous pressure will be exerted upon the mdustiul econo- 
mies to discover new markets, products, and processes and to 
introduce domestic policies to maintain the;r international 
competitiveness 

In enher words, the industrial countries will be faced with 
the need to encourage grow th of those industries in w Inch thev 
hold a comparative advantage m the world economv — high- 
technology knowledge-intensive industries such as computers, 
microelectronics, and biotccliuologv--m <rder to offset the 
decline of traditional industries faced with mounting compcti 
tion from the developing countries There will also he in- 
creased pressure for industrial countries to automate their pro- 
duction processes m order to reduce the labor involved in 
manufac tuiing and therein overcome some of the comparative 
advantage enjovee! hv dew loping countries with lower labor 
costs 

I liese pressures are mtc nsificcl m a sluggish world econoun 
in which all countries, rich and poor alike, aic competing tor 
a share of hunted markets That is the situation that appeared 
in the mid-seventies, and it is hkelv to persist for the next 
several \cars 

\t'n Demand \ and \ aluc\ 

1 lie end of the postwar era was not marked soleb In changes 
in energv production and shifts m economic relationships It 
was also charac ten/ed In the appearance of a changed social 
environment The late sixties and earlv seventies saw the emer- 
gence of a new set of demands and values, among the most 
prominent of which were rising concern about environmental 
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degradation, growing alienation of workers stuck in boring, 
mindless jobs, a shift in aggregate demand away from material 
goods toward services, and increasing calls for the regulation of 
food, drugs, chemicals m the workplace, and other threats to 
health Fa en economic growth itself, the very basis of indus- 
trial advancement for generations, came under assault as the 
prime cause of many of the problems facing industrial society 

The emergence of these new social values resulted from 
trends that had gone unrecogm/ed for years Their economic 
expression in new market demands and their political expres- 
sion in increased regulation of coiporatc activities was partly a 
reaction against the forces that had shaped technological devel- 
opment during the postwar vears These changed values funda- 
ni ttdlly altered the environment for technological change in 
the seventies and beyond 

The bruising battles that erupted over nuclear povu ind the 
siting of nujor energy facilities were the most conspicuous 
manifestations of this change in values Knergy projects that 
had gone essential!} unchallenged during the fifties and sixties 
and which were wiclclv viewed as signs of progress suddenly 
found themselves under serious attack People, in short, were 
no longer willing to accept environmental degradation and 
increased hazards as the inevitable price of progress 

During much of the postwar era, the values that implicit!} 
guided technological development largely disregarded the costs 
involved in environmental degradation The preservation of 
clean air and water and the protection of the natural environ- 
ment were accorded a relative!} low value in relation to the 
material benefits derived from increased production and con- 
sumption As a result, the cost of goods did not reflect the full 
costs to society of the environmental damage associated with 
their pioduction and use 

In the absence of regulations to prevent environmental 
abuse — and in the absence of strong public support for such 
regulations — there was little incentive for either producers or 
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consumers to assume the costs involved 111 protecting the envi- 
ronment But m the late sixties, rising public concern over 
environmental degradation resulted in the passage of strong 
environmental protection laws throughout the industrial 
world These have resulted in regulations designed to ensure 
that producers, and ultimately consumers, pay the costs of 
controlling pollution rather than allowing the costs of a de- 
graded environment to be paid by society at large 

Of course, the passage of environmental legislation has 
brought governments more firmly into the business of regnlat 
nig market forces by reallocating costs A similar trend has 
occurred in areas such as the regulation of the safetv or food 
and drugs and the reduction of occupational hazards Govern- 
ment laws and regulations in these areas have led to the adop- 
tion of measures that probably would not have been taken 
smiplv under the push and pull of market forces 

The rising concern over environmental pollution owes much 
to an improved understanding of the effects of pollutants on 
health and a heightened awareness of the depletion of re- 
sources It also represents a shift in demand awav from stnctlv 
material goods \s Professor Lester Thnrow of Massachusetts 
Institute of Techuologv points out, "cnvironincntahsni is a 
demand tor more goods and services (clean air, water, and so 
forth) that does not differ from other demands except that it 
can onlv be achieved collectively " V) 

In this respect, the move toward increased environmental 
protection matches other trends in industrial economies As 
incomes have risen, ^demand for collective services such as 
health care, education, and so on have been increasing rapidlv 
m recent vears, assuming ;i growing proportion of the gross 
national product of most industrial countries 

These shifts tn consumption patterns have placed new de- 
mands on science and technology One duect result is that 
industrial corporations have greatly stepped up their spending 
on research and development related to pollution control and 
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energ* conservation In Hie United States, for example, spend- 
mi' on pollution-control ReiD rose by ;o percent and that on 
energv conservation doubled between 1976 and 197S A less 
conspicuous result is that, as Professor kmnia Rothschild has 
siiLCinctlv pointed out, "consumption and production are r ut 
of joint on the one hand, consumption is increasingly 'social- 
ized as demand grows for environmental goods and for eollec 
five services, on the other hand, the system of production has 
(hanged more slowlv, and research is stiil concentrated in re- 
source intensive industries " 40 

( )ne result of these trends is that governments have become 
inn re deeplv involved 111 a broad range of economic and private 
u tr ;tics b< Ji as regulators of industrial practices and as prov- 
iders ;-f riiL collective services that have become liiereasmglv 
! 1 1 demand This increased government role 111 economic aff r s 
v 1 result ot thv growing complexity of technological 

> ut\ and a reaction to main of the adverse trends that took 
pi m during the postwar period of iapid economic giowth 
Rut is the scvtntit u nrogrcssed, and as mam of theecouonnc 
problems r\ the industrial world deepened, a react n to the 
/Mwmg power ot government took root Its most stunning 
v\|*rtv M on tame m the 10S0 \mcncan Presidential election, 
with the t let tion of tl conservative president and Senate major 
\ pledged to get the government off people s backs " These 

>un t e rvading trends represented deep divisions within soeictv 
reiki ted a ia.k of consensus on the role of governments 

i ending uonomic and technological clevclopinent 

i v ^'»ik ,1111 and social ennronment of ihe earlv eighties 
f hi'^ guatlv different from that of a decade earlier The scrips 
' ks that struck the world ccononn during the seventies 
.--it n »t passing phenomena which won! i disappear in the 
* ike -a i resumption of economic grow th and a return to the 
. ero and coiioimc polices of the fifties and sixties Rather, 
" o?!<vt » U e ] * structural changes and express the longer- 
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term trends that hue been germinating during the postwar 
\ears These structural changes present a severe challenge to 
the economic policies uf industrial and developing countries 
alike, and t>\ extension, the\ call into question the tcchnologi- 
1 cal policies that ha\e influenced economic development for a 
generation 
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the world economy lias grown flaccid and as interna- 
tional economic competition has intensified, politicians and 
industrialists alike have begun to pay more hp service iu the 
need for new technologies to levitah/e sagging industries, gen- 
erate new areas of economic growth, and fend off imports \nd 
because technological changes have helped to overcome short- 
ages of food, energv, and raw materials in the past, future 
technological innovation is being counted on to overcome the 
planetary limits that are emerging m these areas 

For example, m words reminiscent of Harold Wilson's 1963 
pledge to lead Britain through the "white heat of technological 
revolution," President Carter announced m Ins first State of 
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the Union address that he would promote "a surge of techno- 
logical innovation by American industry " A few vears earlier, 
Leonid Brezhnev, in rather more colorful terms, exhorted en- 
terprise > m the Soviet Union to "chase after scientific and 
technological novelties and not to shy avva v from [them] as the 
devil sines awav from incense" And the emdustnah/ation 
policies that have come into vogue m some countries in the 
earlv eighties relv heavilv on technological innovation to 
breathe new life into faltering industries 1 Technological 
change, m short, has oeconic an imperative 

One measure of the global commitment to technological 
change is the si/e and scope of investments in research and 
development In just one generation, research and develop- 
ment has become a highlv organized, lavishlv funded achvitv 
More than Si 50 billion is now spent on R&D worldwide, and 
some three million scientists and engineers aie euipioved in 
scientific laboratories These huge financial and intellectual 
resources have helped accelerate the pace of technological 
change in the past feu decades 2 

To main people, reseaich and development is an arcane 
business scientists m white coats conducting studies that seem 
to bear little relationship to evervclav life But R&D, which 
encompasses activities ranging from the pursuit of academic 
knowledge about the universe to the design and development 
of new weapons, is an essential part of the processes of tec him 
logical change \n understanding of the wav that R&i ) is 
organized and funded, and of the priorities reflected in the 
world's expenditures on research and development, is vital foi 
an understanding of the iole that technological change piavs 
in societv 

Nearlv four centuries ago, Francis Bacon observed that 
knowledge is power That remark is becoming mcreasmglv 
relevant as governments and corporations sink vast amounts of 
mnnev m*o R&D m order to maintain an economic or mihtan 
edge over their rivals National investments now being made 
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in the production and application of knowledge will infl., ice 
economic and political relationships among the 11 dustnal 
countries and between the industrial and developing worlds 
decades hence 

A Si so Billion Global Enterprise 

Research and development was catapulted into national 
prominence during W orld War II, when science was harnessed 
to the war effort Scientists working with government funds 
produced a dazzling array of new technologies — the atomic 
bomb, mass production of penicillin, radar, long-range missiles, 
to mention just a few — and the base was laid for a long and 
fruitful partnership between science and government In the 
postwir years, scientists and engineers rose rapidly to positions 
of power and prestige m government and mdustr\, government 
agencies were established to channel tax revenues into R&D 
laboratories, and university science and engineering depart- 
ments entered a period of unprecedented expansion By the 
end of the seventies, the U S government alone was pouring 
^$30 billion a year mto R&D * 

These huge sums of public monev have general!} supported 
research and development that, for one reason or another, has 
not been adequate K funded by private mdustrv Academic 
.csearch, military science and technology, and the space pro- 
gram, for example, all make substantial claims 011 government 
budgets Just as the war effort brought science and government 
together in the forties, the arms race and the space lace ce- 
mented their marriage in the fifties and si<ties More recently, 
increasing amounts of public funds have been channeled into 
such areas as energy production, health care, transportation, 
and industrial innovation, as governments have sought to enlist 
the scientific community m an attack on social and ec mount 
problems 

The funding of research and development by private corpo- 
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rations has a longer lustorv Vast industrial empires were built 
decades ago on the engineering breakthroughs of inventors 
such as Thomas Edison and Alexander Graham Bell and earlier 
entrepreneurs like James W att and Richard Arku right In- 
deed, corporate laboratories established m the late nineteenth 
and earlv twentieth centuries became the world's earliest large- 
scale R&D centers By the twenties, thev employed thousands 
of scientists and engineers 4 

This earl) industrial involvement with science and techno! 
ogy has blossomed into a close, even s\ mbiotic relationship m 
recent decades, with the rise of new industries based on the 
exploitation of scientific knowledge Basic understanding of 
the behavior of molecules and atoms lies at the core of such 
industries as electronics, communications, petrochemicals, 
computers, and pharmaceuticals These science-based indus- 
tries, which have been at the leading edge of industrial growtli 
in the postwar era. all plow a significant fraction of their profits 
back mto their laboratories m an effort to gain an edge over 
their competitors 

The steep rise in public and private expenditures on R&D 
during the past generation has been ac< ompanied bv the estab 
hshinent of complex arrangements between governments, uni- 
versities, and indiistrv for the performance of R&D — arrange- 
ments that have blurred the boundaries between public and 
private mstitutions and have played a kev role in shaping the 
priorities m the giobai research and development budget 

In most of the western industrial countries, between 40 and 
50 percent of total national expenditures for R&D come di- 
rcctlv or mdirectlv from government agencies, and 111 develop- 
ing countries the share is even higher Only a relatively small 
fraction of this monev is generallv spent in government 
laboratories, however T he rest is channeled into universities 
and private corporations 

Government support for research and development in the 
universities is mostlv devoted to basic research — research that 
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is designed to push back the frontiers of knowledge, but for 
which there is no immediate practical application in sight In 
the past few decades, most countries have established arrange- 
ments vvhercb} university researchers receive government 
funding in the form of grants and contracts, and thus govern- 
ments have gradual!) assumed t!.c leading role in supporting 
academic science These government-university research links 
have been enormously valuable in advancing scientific research 
and in supporting higher education in general, but thev have 
also raised some problems 

In the United States, for example, the huge expansion of 
university research in the past few decades has fundamental!} 
altered the character of higher education As science writer 
Daniel Crecnberg has observed, "Congress permitted 
'research' to become the vehicle for pouring federal assistance 
into the university svstem And. not surprisingly, research, with 
its own mores, values, and rewards, tended to overwhelm the 
educational function of manv universities " This hcavv depen- 
dence on government support has also made research vulnera- 
ble to oscillations in government expenditures and to abrupt 
shifts in priorities s 

in addition to funding F&'Dto advance their -un comnur 
cial objectives, private corporations m the western countries 
also cam out a wide range of research and development activi- 
ties under contract to government agencies W illis Shaplev. a 
veteran observer or R&D policy in the United States, described 
these activities conciselv 

Companies arc developing weapons svstcuis, space hardware, cn- 
crsjv technologies, and new medicines, thev arc doing applied re- 
search and development on new technologies, new equipment, and 
new instruments, and thev arc hinkling experimental and demonstra- 
tion plants and federal R&I) facilities Thev are doing an enormous 
volume of paper studies of new concepts and design options, some- 
times hailing them up with experimental tests of (ruci<il features 
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They arc providing government with a wide range of support services 
for federal research, development, test, and evaluation activities, 
ranging from full responsihihh for the operation of laboratories and 
test centers to the provision of more specialized anahsis, computa- 
tional and other technical services (> 

These government contracts for industrial R&D are hcaviK 
concentrated in a few industries — clucflv those of interest to 
defense, space, and encrgv agencies Kor sonic corporations, 
federal contracts dwarf all other business, and a laigc amount 
of corporate energv is devoted to securing a stead} flow of 
future contracts Activities such as writing proposals, bidding 
on contracts, and lobbying for congressional support for spe- 
cific programs take the place of promotion and advertising m 
the selling of the ma)or prodiiv' of these companies — scientific 
expertise 

Aside from these direct binding links between governments, 
universities, and corporations, there ate also indirect linkages 
\cadennc scientists frequent!} advise legislative committees 
and government agencies on their technological programs and 
thev often sit on the boards of corporations Corporation offi- 
cials also sometimes serve as government advisers, rud some 
finm directlv fund universitv researchers 

Research and development in the Soviet Union and Kastern 
Kurope tends to be more highly compartmentalized than that 
in the W est in general, institutions connected with the Soviet 
\cademv of Sciences concentrate mostlv on basic reseauh 
These institutes tend to be large organi/ations concerned with 
research m a single scientific discipline \pphcd research is 
largelv the province of the industrial ministries, while the pro- 
duction enterprises — the rough equivalent of corporations in 
the Western world — cam out the development of new pro 
due ts and processes 

Although there are complex links between these three com 
ponents of the Soviet research and development system, this 
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division of responsibilities has been criticized for inhibiting the 
processes of technological innovation A report by researchers 
from George Washington University suggests that "demand is 
created by top-down edicts, the force of these mandates is 
diluted as they are transmitted through the rnanv, often con- 
flicting, layers of bureaucracy 

In a single generation, research and development has thus 
developed into a multi-billion-dollar global enterprise that 
binds public and private institutions together with a system of 
grants, contracts, and planning directives The whole system is 
built around the interests of governments, corporations, uni- 
versities, and research agencies which together constitute the 
R&I) enterprise These interests are sometimes coniplcmcn- 
tarv, but thev are often m conflict 

The Changing Ccoi;raph\ of R&D 

These huge investments in the generation of new teclinol- 
ogv are concentrated in a handful of rich, industrial countries 
In rough terms, the United States is responsible for about 
one-third of the worldwide expenditure on R&D Western 
Kurope and Japan together account for a similar frac tion And 
the Soviet Union and Kasicrn Kurope combined spend fust 
under one third of the total Fins means that t! c de veloping 
countries of \fnca, \sia, and Litm America account for onh 
a mmiscule fraction of the world s research and development 
activities — less than 3 percent, according to recent estimates h 

It is difficult to develop an accurate picture of who spends 
what on research and development \<»* onlv are national sta 
1 1st u s often sketc hv and out of date, but international compari 
sons arc also clouded bv rapicllv fluctuating exchange rates 
inconsistent definitions of what constitutes R&D. and differ 
elites 111 the makeup of national research and development 
programs Nevertheless, it is clear that there has been a signifi 
c ant shift 111 the distribution of R&D expc nehtures among the 



ERIC 



fe'J 



68 



The God That Limps 



industrial countries in the past decade or so, a shift that seems 
to support American fears that its technological leadership is 
being eroded 

In the mid-sixties, the UmteJ States accounted for about 
two-thirds of the total spending on R&D among the OECD 
countries, but by the late seventies, its share had fallen to 
one-half Japan and most European countries had been expand- 
ing their outlays on R&D during a period when expenditures 
in the United States were severely constrained 

Additional evidence for this trend can be seen in changes in 
the level of gross national product devoted to R&D among the 
western industrial countries and Japan In the early sixties, 
there was wide variation from country to country The United 
States devoted a far greater share of its national income to 
R&D than any other country It spent aboui 3 percent of its 
CNP 011 research and development, compared with : 6 per- 
cent in Great Britain, about 2 o percent in France, and close 
to 1 5 percent in West Germany and Japan The ratio declined 
in the United States during the sixties and early seventies, it 
peaked 111 Britain during the late sixties and declined during 
the seventies, and it rose in West Germany and Japan through- 
out this period By the late seventies, all the major industrial 
countries in the Western world were devoting between 1 8 and 
2 3 percent of their gross national products to research and 
development t} (See figure, page 69 ) 

The change 111 the distribution of R&D capacity among the 
industrial countries was partly due to a decline in real expendi- 
tures on military R&D in the U S as the Vietnam war drew 
to a close, coupled with a sharp drop in support for space 
technology in the late sixties and early seventies following the 
successful completion of the fabulously expensive Apollo Pro- 
gram 10 The steep rise and fall of the space program goes a long 
way toward explaining the apparent decline >f the American 
R&D enterprise in the seventies. 

As for the si/e of the research and development effort in the 
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Soviet Uni' h and Eastern Europe, there arc few reliable esti- 
mates The Soviet governients own reported spending is not 
direetlv comparable with that m western countries because 
there is considerable doubt about how much military science 
is included and it is thought to exclude sonic expenditures — 
such as prototype development — that arc included in western 
figures Nevertheless, estimates bv both Jan Anncrstedt, of 
Roskildc University in Denmark, and the United Nations Edu- 
cational, Scientific and Cultural Organisation indicate that the 
combined R&D spending by the Eastern bloc countries lagged 
onlv shghtlv behind that of th" United States in the mid- 
seventies 1 1 

Another indication of the si/c of the Soviet Union's research 
and development cflort is the steady increase in the number of 
researchers in its labor force According to a caieful estimate 
bv Louvan Nolting and Murrav Eeshbach of the V S Bureau 
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of the Census, the USSR had built up the world's largest body 
of research scientists and engineers by the late seventies Its 
scientific labor force outnumbered that of the United States by 
about three to two 12 Yet, in spite of these huge investments 
of inonex and talent. the Soviet Union continues to import key 
technologies from the West, and aside from armaments, it 
exports little in the wa\ of advanced technology 

While there ha\e been marked shifts in the distribution of 
I£&D spending among the industrial countries, one feature of 
the global research and development enterprise has remained 
constant the developing countries continue to account for a 
tm\ share of the world's scientific resources This striking dis- 
pantx between rich and poor countries is especially marked 
w hen outla\s on research and development are expressed m per 
capita terms In ur9. the United States spent about Szooou 
R&I) for c\erv person in the tountrv, and several Kuropcan 
countries invested close to that level I ontrast. most Latin 
\mcntan nations spent less than Ss per person, and the poorer 
countries of \fnca and \sia could afford less than bi per 
person n 

I he developing countries share of the world's pool of »e- 
seauhers has been growing in recent uurs. thanks to an cxnan 
sion of nimcrsih education in some countries But the Third 
World has onh i tmv fraction of its labor force engaged 111 
research and development compared with the portion in the 
industrial world (an \nnerstecit calculates that there were 
about ^oo scientists and engineers working on R&D for e\erv 
million workers in developing countries during the earlv seven- 
ties, w hile the industrial world had almost 4.000 researc hers per 
million workers 

\\ hile these disparities smiph mirror main others between 
rich and poor countries, thev nevertheless have important im- 
plications \s long as the world's R&D capacit\ remains highh 
concentrated 111 the industrial nations, the focus will continue 
to he laruelv on the problems of the rich countries Kvcn in 
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areas such as health and agriculture, global R&D programs arc 
largely aimed at solving the problems encountered in the rich, 
temperate zones 

■ This skewed distribution of the world's R&D resources en- 
sures that most technological development takes place in the 
industrial world The developing countries have thus become 
deeply dependent on imported — and often inappropriate — 
technology for their economic development Such dependencv 
is aggravated when a developing countrv lacks sufficient exper- 
tise to evaluate and assimilate technologies offered b\ multina- 
tional corporations 

The World \ Scientific Priorities 

W hile it is difficult enough to estimate how much each 
countrv spends on R&D, it is even more of a problem to 
determine what all tins nionev actuallv huvs The reason is 
simple much of the world's scientific research is cloaked in 
secrecv — either for imlitarv or commercial reasons — and there- 
fore is out of public view Nevertheless, the chief priorities in 
the global research and development budget are clear (See 
Fable } i > 

\ 1 1 1 1 1 d i v R&D alone accounts foi more financial unci mtel 
lectual resources than are devoted to R&D on health, food 
production, enci*;v, and environmental protection combined 
Moreover, as the globed distribution of R&D capacitv implies, 
the world's lescarch and development enterprise \s overwhelm 
ingly geared to meeting the political and economic goals of the 
industrial nations 

These priorities, which differ from countrv to countrv, are 
the result of a constellation of forces The global research and 
development budget is the product of vested interests, whether 
the\ be corporations seeking higher profits, governments seek- 
ing greater military and political strength, or nmversitv scien- 
tists seeking larger research budgets The R&D proposals con- 
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Table 3.1. The Global Research and Development Budget, 1980 



Program Share 



(PfrRCFVI ) 

\iihtar\ -4 

Basic research 1 5 
Space 

Rne*gv ^ 
Health 

Information processing 5 

Transportation > 

Pollution control 5 

\griuilturc 3 

Others -o 

Total 100 



biuret \11fhor s ishnutts ban'd on data from national soukcs and ititt nuitioi m! 
agumis higuris arc approximate and should be regarded as no more than a nmijli 
gmdi to riiatuL expenditures 

tamed ui the vearlv budgets of the LI S government, for exam- 
ple, are among the most intensely analyzed and bitterly con- 
tested items, even though R&D constitutes less than 6 percent 
of total government outlays The forces that shape the world's 
scientific priorities can be discerned from a closer examination 
of some of the components of the global research and develop- 
ment budget 

Feeding the Military Machine 

The largest single item by far in the global research and 
development budget is the advancement of military technol- 
ogy More than $35 billion, roughly one-fourth of the world's 
investment in R$rf7Twa\swallowed up by military programs in 
1979, and ovc/half a rtullion scientists and engineers were 
working on the development of new weapons and defense 
systems The feeding of the world's military machine is thus 
the predominant occupation of the global research and devel- 
opment enterprise 14 
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These colossi expenditures are largely concentrated in the 
United States and the Soviet Union, although military pro- 
grains dominate the R&D budgets of Britain and France as 
well These four nations invested hcavilv in military R&D in 
the postwar years, as the superpowers entered into an arms r ice 
and as ,ntain and France developed then own independent 
nuclear capabilities Major weapons laboratories were estab- 
lished in the forties and fifties, links v ere forged between 
rov eminent agencies and private corporations as industry 
began to build new weapons and conduct military research 
under government contracts, and prominent scientists were 
pressed into service to advise defense agencies on their weap- 
ons programs 

I j\ revenues, channeled through government agencies, pro- 
vide virtuallv al! the !\mds for nuatary R&D hi t l ie United 
States a: id Britain, more public money is spent on the develop- 
ment of military technology than on all ot\w r government- 
supported R&D programs combined, both '"*uiu ^s devote 
about half their government R&D budgets to then mihtarv 
forces hi France, the share is 30 percent, while m G» main 
it is a more modest 1 1 percent, and in Japan it is \ minuscule 
2 percent 1S (See Table 3 2 ) 

The military R&D effort is important not onh for its huge 
claim on financial and intellectual resources, but also for its kev 

I dblt } 2 Slure ot Co\eimnent R&D Budgets Devoted t<» MdiUn 
Programs 
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role in maintaining the momentum of the arms race Todu's 
R&D prefects become tomorrow's expensive new weapons, in 
an escalation of armaments that depends as much on techno- 
logical sophistication .is it does on sheer » umbers Technologi- 
cal breakthroughs are iapiciK incorporated into new weapons 
and defense s\ stems, and the tempo of innovation is dn\en at 
a fas* pace b\ the fear of failing behind m the scientific race 
Thus, in an endless succession of action and reaction, techno- 
logical changes m the armaments of one superpower are coun- 
tered bv changes in the weapourv of the other 

This hcavv reliance on science and technology to boost nuh- 
tar\ strength is e\ident m the defense budgets of the United 
States during the past tew \ears A buildup of imlitarv R&D 
began in the late seventies with steacK real increases in budget 
allocations But in the u;Si budget — released carl} in 1980, in 
the waL of the Soviet invasion of Afghanistan — these pro- 
grains I'crc singled out for a massive increase, amounting to 
more than 20 percent of the total spent on military R&D n< 
ioSo The Department of Defense is scheduled to spend $16 6 
billion on R&D in k;Si, the Department of Energy will put 
another Si ^ billion into nuclear weapons research, and the 
National \eronautics and Space A annustratioii will lend more 
support with the development of launch vehicles and space 
svstcus that will be used botli for imlitarv and civilian pur- 
poses These outlavs, moreover, will almost certain!} be in- 
creased m the earlv eighties as th<* Reagan Administration 
carrier (mt its pledge to expand America's arsenals Ui 

One program alone, the \1X missile svstein, is allocated Si 
billion m research and development moncv 111 1981 This pro- 
gram isa prime example of the technological forces (hat govern 
the upward spiral m the arms race The \IX svstein is designed 
to counter wh.it \mencan imlitarv planners view as major 
advances in the iciuracv of Soviet intercontinental missiles, 
advances that .ire believed to make US land-based missiles 
vulnerable to ,» preemptive Soviet stril It would (onsist of 
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hundreds of mjles of ratlwass, linking cinpt> in ssilc silos The 
idea is that missiles will be shuttled from silo ) silo in an 
endless shHI game designed to outwit Sowct spv satellites, for 
it will be impossible to tell which silos are occupied and which 
are cmptv, and there will be ton mam * los for Sowct missiles 
to be sure of destrown*, them all in a single strike R\ the tunc 
it is built, tins fantastic network could cost as much as S6o 
billion And the \1\ pio, r ~uu is onl\ one of se\eral efforts 
designed to counter the ahmt\ of the Sowct Union to launch 
a crippling first strike b\ ensuring that a large number of 
American missiles would suiwvc — the trident submarine and 
the cruise missile are two others that will e\entuall\ cost tens 
of billions of dollars Moreover, since the MX missiles them- 
sches will be highh accurate, Sowct mihtan planners will 
undoubtedh press for programs to protect their own land- 
based missiles from an \mcricaii first strike r 

Technological forces arc not the onl\ ones to go\cru the 
arms race The huge defense establishments and nnlitan- 
mdustrial links in the w stern countries prowde a built-in cou- 
stituenc\ in fa\or of raising militar\ R&D budgets \ncl, with 
the global trade m armaments now running at more than Si _o 
billion a \car, there are obwous coumicrcial incentncs for 
nations to keep their uulitan hardware at the forefront of 
technological achaiiccuicnt to ensure its attractneuess on 
world markets Small wonder, therefore, that the ret cut huge 
boost in the I S detense budget was greeted with enthusiasm 
on Wall Street 

Yet, the economic benefits from this nulitar\ spending spree 
ma\ \>r illuson The manufacture of wcapoun »s an cxtremcK 
capital mtensne enterprise that creates rclatneh few jobs per 
dollar of iinestmcnt and which drains capital awa\ from mo»c 
productnc uses Moron rr, those countries that uncst hcawh 
in uuhtan R&D arc seeing a disproportionate share ot their 
scientific rcsourc es clc\oteci to programs that do not contribute 
much to economic or social achanccnicnt I lie f cononnst 
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rcLcnth asked, "Is it sensible for a small countrv like Butain 
to devote £800 million a vcar to inventing tomorrow's defense 
technology when its armed forces are still usually equipped 
with vesterdav's arms and never seem to have enough money 
to buy todavV" The Fxonomist might also have questioned 
the wisdom of spending so much on military R&D in view of 
Britain's other pressing social and economic problems 18 

Certainly, there is often some economic and technological 
spin-off from the development of military technology Main 
advances in civil aviation and space technologv, for example, 
owe much to the development of military systems, and some 
of the early developments m microelectronics were spurred b> 
inajoi financial investments In the US Department of De- 
fense But some of these developments would eventualK have 
taken place anvway, and the heavy concentration on nuhtarv 
technologies in some countries has diverted both funding and 
talent awav from nonimhtarv programs Simon Ramo, four ! er 
of TRW , a major clef ..isc contractor 111 the United States, has 
argued that "in the past 30 years, had the total dollars we spent 
on nuhtarv R&D been expended instead 111 those areas of 
science and technologv promising the most economic progress, 
we probably would be today where we are going to find our- 
selves arriving technologically m the year 2000 the employ - 
incut of a large fraction of the best scientists and engineers 011 
military projects means they are not available to advance the 
store of knowledge and innovate Jtoug nonimhtarv lines Our 
disproportionate share of the military weapons requirements of 
the noneomnumist world has accordingly handicapped us by 
comparison with our lndustnah/ed alhc\/ M '' 

It is perhaps no coincidence that two countries with rela- 
tively small military investments, West Germany and Japan, 
have also had the most buoyant economies during the past 
decade Indeed, these two countries now rank above the 
United States, Britain, and Krance in terms of the share of 
gross national product devoted to nonmilitan R&D, a position 
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achieved in the mid seventies and which has almost cer- 
tainlv been consolidated in the past few \ ears 20 (See Table 
} -*> ) There a.c\ of course, historical reasons why Japan and 
\\ est Germain spend rclativelv little on nnhtarv programs, for 
thev reh heavilv on the United States and NATO for their 
defense needs But in ter »s of the impact of nonnnhtary R&D 
on economic growth and social development, this ranking jna> 
be tar more re\ eating than a straightforward comparison of 
out a 11 expenditures on R&D 

Space technology, like military technology lias also been 
boosted b> competition between the two superpowers The 
launching m ig^ of the So\iet Sputnik satellite sent shock 
waves throimh the V S government, for it suggested that the 
Soviet I'mon had pulled ahead in a kc\ area of science and 
techiiolog\ that had obvious mihtan implications Research 
and development in trie United States was consequently gi\eu 
a huge finauc lal shot m the arm in an attempt to close the gap 
Hie Apollo Program, launched b> President Kennech in i c>6 1 , 
was the culmination of this effort 

\lthough it is difficult to separate the mihtan parts of space 
R&I) from those designed purclv for civilian and scientific 
purposes, it is estimated that <tbont S percent of the world s 
research and development budget is devoted to nonmihtan 
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space technology The proportion is less than it was during the 
late sixties, at the climax of the \pc^llo Program, but it never- 
theless accounts for more than Sio billion a vear The civilian 
space program in the United States, for example, is still the 
third largest item in the government's R&D budget, account- 
ing for about billion a vear. and it dwarfs the total R&D 
programs of such countries as the Netherlands. Sweden, and 
Swit/erland 2] 

The Soviet I'liuni is believed to be putting more resources 
into its space program than is the United States Between 197:5 
and igyi). there were more than 400 launches of Soviet space 
vehicles, compared with just over 100 American launches, for 
example 22 I he Soviet space effort is believed to be largelv 
geared toward mihtarv purposes, and with the acKent 111 the 
earlv eighties of the \meiiean space shuttle — a reusable space 
launcher that will be used for both military and civilian pro- 
grams — the st.ige is set for an escalation of mihtarv space 
technology during the eighths and nineties 

While no other countrv is chain. cling a substantial share of 
its public R&D resources into space tethuologv at pre cut. 
several Kuropcan countries are cooperating on the develop 
nient of launchers and satellites, and there is growing cummer 
cial interest in telecommunications satellites Japan. India, and 
China also have their own independent space programs Global 
investments in space R&D are thus hkclv to continue to com- 
mand a substantial portion of the world s R&D resources tor 
the foreseeable future 

I he Knowledge Justness 

\ vast research enterprise has been established over the past 
few decades to develop a better understanding of everything 
from atoms to galaxies and from cells to humans Basic scien- 
tific research, which by definition i< undertaken with no spe- 
cific application 111 mind, has become big business It accounts 
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for jbout S20 billion per vear worldwide — roughlv one clolhir 
in everv seven spent on R&D — and the conduct of research 
has become a major function of the world s universities 

These hugcoutlavs on basic research have led to breathtak- 
ing advances in scientific knowledge during the past genera- 
tion In virtually even branch of science, old concepts have 
been discarded and new ones formulated m light of revolution- 
ary findings and fresh theories Backed by expensive new in- 
struments and lavish research budgets, scientists have begun to 
unravel some of the invstenes of the universe, probing deeper 
and deeper into the heart of atoms and cells and developing 
a better understanding of the workings of the phvsica! and 
biological universe 

In the past three decades, our view of the earth has been 
transformed bv the knowledge that the continents are giant 
plates moving like rafts on the planet's surface, driven bv im- 
mense forces within the crust "Not since Copernicus dis- 
placed the Karth from the center of the universe has there been 
such a revolution in scientists' concept of the planet/' stated 
the National \caclcm\ of Sciences 111 a 10/S0 report Kfjuailv 
startling developments have taken place 111 hiologv Beginning 
with the i<>^ discovcrv of the nature of DYV the genetic 
material that governs the processes of hereditv, advances 111 
genetics and biochcmistrv have provided fresh insights into the 
inolec ular workings of living things \ncl in the suhmicroscopic 
recesses of the atom, sc icntists have discovered an endless arrav 
of particles that constitute the basic building Mocks of matter, 
and gained a deeper understanding of the forces that power the 
atomic furnaces of the stars 23 

Basic research lies at one cud of the broad spectrum of 
a tivities tint fall under the rubric of research and develop 
incut Sometimes described as a search for knowledge for its 
own sake, it should be distinguished both from applied re- 
search, which is designed to unearth information with a defi- 
nite use in sight, and from experimental development, which 
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is the generation and testing of products and processes that 
incorporate new scientific knowledge 

The boundaries separating these three activities are in fact 
blurred It is often difficult to tell where basic research ends and 
applied research begins and where applied research becomes 
experimental development But the evolution of technologv 
often involves a progression along the research and develop- 
ment spectrum The development of atomic weapons, for ex- 
ample, began with the arcane studies of scientists such as 
Albert Kmstein, Niels Bohr, and Knust Rutherford, who 
probed the structure of the atom in the decades before World 
War II Their seemingly esoteric research laid the base for the 
intensive applied research effort during the war vears that 
culminated in the production and use of the atomic bomb 

Long considered the province of a few lone, even eccentric 
scientists, basic research has been transformed in the past 
generation into a highly organized, lavishlv funded enterprise, 
involving large teams of researchers at work with sophisticated 
and expensive equipment This transformation has been swift 
and dramatic Kven during the twenties and thirties, most 
basic research consisted of relatively small-scale studies, and, 
while some European work was supported bv government 
funds, the United States invested little public financing m 
basic research before World War !| The wartime alliance 
between scientists and the militarv began the transformation 
of the basic research enterprise 

The metamorphosis was completed with hcavv government 
investment in the postwar years, as public authorities in most 
countries assumed the primary rcsponsibilitv for supporting 
basic researches and as new channels were established for 
funnehng tax revenues into research laboratories In the 
I liitccl States, for example, the basis for federal support of 
academic science was laid with the publication of a 194=5 re- 
port. Science Hie Didless Frontier, written In Yannevar 
Bush, a senior scieutrt and an advisor to Presidents R(X)sevelt 
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and Truman Bush's central argument was that the go\ em- 
inent should assume responsibility for maintaining the health 
and vigor of American research, which had made so decisive 
a contribution to the war effort In 1950, following Push's 
recommendation, Congress established the National Science 
foundation to channel funds to university researchers 24 

During the following two decades, outlays 011 basic research 
rose b\ leaps and bounds, and thev were given an additional 
boost by the post-Sputnik panic that swept through the Ameri- 
can scientific enterprise in the late fifties and early sixties 
During the first two decades of the postwar era, budgets in- 
creased by close to 20 percent a year above annual inflation, 
and the bulk of the money went into university laboratories By 
the earlv seventies, some two-thirds of the basic research con- 
ducted m the United States was being performed m academic 
establishments The federal government had become the lead- 
ing source of funds for basic research, accounting for about 70 
percent of the total expenditure nationwide 25 

Most other western countries established broadly similar 
funding patterns during the postwar period, although in addi- 
tion to pouring monev into university science departments, 
inanv also set up extensive government laboratoues to conduct 
basic research The Soviet Union and Eastern Europe, mean- 
while, established very different anaugements About 80 per- 
cent of Soviet basic research is carried out 111 specialized 
laboratories of the Academy of Sciences, a location that sepa- 
rates research from teaching A network of Academy laborato- 
ries stretches across the country, and its scientists are the best 
and most highlv qualified scientists m the Soviet Union 26 

The steep rise 111 funds for basic science during the fifties and 
earlv sixties radically transformed relationships between gov- 
ernments and acadenna One reason for pouring research 
monev into the universities was to encourage and support the 
education of scientists and engineers Erom the start, healthy 
and vigorous science departments were seen as an essential 
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ingredient in the training of the next generation of researchers 
Research funding became firmly hed to the annual appro- 
priations process in many countries, which meant that long- 
term projects were increasingly vulnerable to short-term shifts 
m funding levels and to changes m overall research priorities 
The time of senior researchers became increasingly taken up 
with writing and reviewing grant proposals to secure funding 
for future years, while doctoral candidates and postdoctoral 
students did most of the actual research work The age of the 
scientist-administrator, managing a team of researchers while 
stumping up grant money, was launched 

While these new funding and working arrangements were 
being established, the research environment itself was undergo- 
ing fundamental changes The most conspicuous aspect of the 
postwar c hange in the character of science has been the growth 
of what science historian Derek de Solid Price has termed "big 
science" 2- Nature yields its secrets grudgingly Kadi new 
piece of scientific knowledge seems to open up a new and 
intriguing set of questions that require more research and more 
powerful scientific instruments to answer \s a result, whole 
blanches of science now rely on complex and expensive hard- 
ware, and many teams of scientists are working on different 
aspects of what once seemed a single problem The biologist 
with a Sioo optical microscope m the thirties has become, in 
the eighties, a molecular biologist with a $100,000 electron 
microscope 

Indeed, developments i-i the technologv of scientific instru- 
ments and giant machines often determine the pace of scien- 
tific discovery 'Fins progression is especially evident as scien- 
tists have probed deeper and deeper into the heart of the atom 
The research that began a half-century ago to determine the 
structure of the basr building blocks of matter is now carried 
out with atom sni^hcrs that cost hundreds of millions of 
dollars to construct and operate In the seventies, for example, 
American taxpayers paid some $250 million for the construe 
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tion of a large particle accelerator near Chicago, and Kuropcan 
taxpavers funded the establishment of a machine near Geneva 
that cost a simila" amount Now. more powerful accelerators 
are required to ansver new questions about the structure of 
atoms and the nature of the forces t hat bind abatomic parti- 
cles together 

Similar trends have occurred in astronoim, as ever more 
powerful telescopes are needed to stuck the outer reaches of 
the universe and as new space vehicles are required to provide 
close-up views of the planets In November 1980, for example, 
a S78 million telescope was put into service in the New Mexico 
desert and a $}0O million spacecraft was on its wav to Saturn 
to studv that mvsterious planet s surface 

The growth m big science and the growing dependence on 
government funds caused few real problems in the first two 
decades of the postwar \ears That turned out to he a golden 
period in basic science Budgets rose steeply enough to accom- 
modate much of the rising cost of equipment and to support 
the b(K)niing expansion of the scientific coninumitv 

Between the mid-fifties and the mid-sixties, the number of 
scientists and engineers en.ploved 111 \mcncan universities 
alone more than doubled, from 25,000 to 5^,000, and in i960 
then ranks had swollen to 6S,ooo \nd graduate science cle 
partmcnts, cranked up In the flood of federal moncv that had 
been pouring into research laboratories, were turning out re- 
cord numbers of Ph D sc ientists and engineers in the late 
sixties Similar, though slightlv less dramatic, increases took 
place throughout the industrial world in the quartcr-ccnturv 
following World War II ^ 

Plus burgeoning growth in budgets and m numbers of re 
searchers was reflected 111 the volume of scientific literature 
published in research journals Bv the earls seventies, more 
than 2,000 journals were carrvmg research reports from the 
world s sucntrts, conveving information on the results of ex- 
periments, new theoi.es. and new interpretations of scientific 
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phenomena Tins fl(X)d of literature — more than 300,000 re- 
search reports are published in scientific journals each year — 
is the chief means of coninunncatmg research results, and it is 
the primary means b\ which scientists establish pnont\ for 
their findings 20 The scientific publishing industry itself has 
become big business in the past few decades, and scientific 
papers constitute the most tangible output of the knowledge 
industry 

B\ theearK seventies, however, stresses and strains began to 
appc t m the basic research enterprise in several countries 
Budgets began to level off, and scientists found themselves 
competing with other claimants for a share of constrained 
government budgets Moreover, )iist as funding became tight, 
the arrangements bv which inonev is channeled into research 
laboratories came under fire 

Scientists have consequent!) been quick to declare a state of 
crisis In November 19-S, for example, Jerome \\ eisner, presi- 
dent of the Massachusetts Institute of Technology, announced 
that the academic research enterprise in the United States had 
"begun to deteriorate and come apart so badly that we have 
reached a point of crisis that could see the effectiveness of the 
nation's major research universities seriously curtailed at a time 
when it sorelv needs to be enhanced ,>3() 

Mthough such statements include more than a little hyper- 
bole, there is no doubt that the basic research system has been 
going through a period of difficulty At the root of the problems 
is inonev The steep growth in financial support for basic re- 
search that had taken place throughout the postwar era tailed 
off in most countries in the seventies This trend began earlier 
and was especiallv pronounced in the United States, where 
research support began to slow down in the late sixties After 
inflation is taken into account, spending on basic research bv 
the federal government dropped by 16 percent between 1968 
and 197; In West Germany, a 1976 report by the German 
Research Society stated that support for scici.v v after years of 
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growth, had come to a standstill, and m Britain there has been 
virtually no real growth in funds for basic research since the 
early seventies 31 

The difficulties caused by this slowdown have been com- 
pounded by structural changes in the universities as members 
of the postwar 'baby boom" have passed through the higher 
education system Moreover, enrollments in many university 
science courses have declined in recent years, and universities 
have consequently been hiring fewer new faculty members As 
a result, young scientists with newh -minted Ph D degrees are 
having a tough time finding academic research and teaching 
)obs Consequently, the average age of faculty members is 
increasing, for those who received tenure during the boom 
years of the sixties are still teaching and little fresh blood is 
entering the system David Davies, former editor of the British 
science journal Sature, has pointed out that very few academic 
research or teaching posts opened up in British universities in 
the late seventies, and as a result, a Ph D degree is no longer 
a passport to an academic job This, in turn, Davies suggests, 
will probably discourage many young people from enrolling m 
graduate science courses, and university science departments 
wi'i contract even further 32 

in spite of these difficulties, however, there is little tangible 
evidence that the quality of basic research has declined Funda- 
mental breakthroughs continue to be made, and scientific jour- 
nals continue to bulge with reports of new findings It may be- 
that the quality of the output from basic research simply can- 
not be measured and that a decline could take place without 
an) ove rf indications But by at least one indirect measure — 
the award of Nobel Prizes — it seems that basic research in the 
United States has not deteriorated in relation to that in other 
countries, in spite of the decline in U S funding American 
scientists won most of the Nobel Prizes for science throughout 
the seventies 

One re^n why [\\r quality of basic research may not have 
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suffered is that the best researchers and the top-quality lescarch 
centers have fared relatively well in securing funds It is the 
second-rank institutions that have suffered nio^t That, indeed, 
was the conclusion of a major study, conducted in the late 
seventies, of academic science in the United States It sug- 
gested that the universities would continue to face problems 
related to dec lining enrollments in science courses and warned 
that some of the lower-ranking institutions may be forced to 
drop research ui some disciplines entirely, a move that would 
divorce research from teaching in those universities 33 

Why do governments pour tax revenues into basic research^ 
There is no simple explanation Part of the reason is that a 
healthy research enterprise is good for national prestige and 
that basic scientific knowledge greatly enriches human culture 
But, as John Holmfeld, a science adviser to the U S Congress 
has pointed < tit, "Although no one can define what the 'right' 
level of support for science as a cultural activity should be, it 
is surely exceeded b\ the present level " Government funding 
of other cultural pursuits amounts to only a tiny fraction of that 
devoted to basic research Instead, suggests Holmfeld, the huge 
outlavs on science "can only be justified in terms of an eventual 
technological benefit to society This expectation that the 
results of basic research will eventuallv be put to practical use 
has provided the most powerful impetus behind the growth of 
the knowledge business during the past few decades 

f"ticr«\ I he \cw Crow th Area 

Mthough defense and space R&D still account for a huge 
chunk ot the world s research and development expenditures, 
4 their share declined during the seventies Tins is largelv be- 
cause spending on health and energy R&D rose sharply, espe- 
ciallv in the United States Between M)7Z and ig;';, govern- 
ment spending on energv R&D in the United States rose fiom 
SvOO million to more than 5 billion — an increase of more 
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than -^oo peat lit even after inflation is taken into account 
Outlavs on health R&D rose bv about 40 percent in real terms 
during that period, with a lar^e traction of the increased fund- 
ing %im\£ into the much-pubk i/cd war on tauter Vet. at the 
end of the decide, worldwide ^ovcrmucnt spending tor nnli- 
tar\ R&D was still more than t\\ ice that for health and cilery 
R&D combined ^ s 

! ike the Sputnik lai,.ich of 105*7. the io~V-~4 \rah oil 
embargo yalvam/cd a few western ^ovcrnmcuts into piim puiL; 
la rye amounts of mone\ into re care h laboratories It also 
caused main corporations to steo up their own cucr^v R&D 
e\pe»,ditmcs as well In the four \ r s following the embargo 
outlaw on encr^v R&D anions the countries thai belong to the 
International hncr^v \^cncv <all the major v estern countries 
except Fringe almost doubled 111 real terms The United 
States reported the bluest increase — 1 S « pcucnt — while the 
other ^M\cnunc nts raised their combined spending b\ about 
one-third 

In uian\ rt spec t^. the encr^v research and de' ;'lo|)incut 
budgets ot the Western world represent an extension of t;o\ 
Lruuient policies during the fifties and sixties, wlini unclear 
jx'wcr was wideb expxtcd to offer a sate, cheap spur' of 
encr^v Most ^ovciniuciits sank \irtualk all of then encr^v 
R&D tuncls into nuclear encr^v in those vears, and main 
c xoet ted private mdustr\ e\entualh to take over nut lear devel- 
opment Those mvesmients shaped the industrial world's en- 
t o policies during the xevenhes Government spending; on 
i- . lcarcncrt;v m most toiintnes is now geared toward answer 
m^ ' ev questions about the safctv 01 nuclear plants and tiuclui^ 
w.ivs to dispose safeK ot radioactive waste materials Kar from 
bem^ able to turn nuclear development over to private Indus 
trv governments around the wotlcl are finding themselves 
rued with escalating nuclear ener^v research bills 

\bout one third of the Wcsirni world's inves ut in 1111 
(icar R&D is spent on de, eloping the breeder reactor, a 1 - 
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tier plant Hut will generate plutoniiun Breeder -jactors arc 
not expected to make much of a contribution to encrgv sup- 
plies before the turn of the centurv, inst about the tune when 
solar cucryv could make up a substantial share of the world's 
encrgv budget Vvt spending on breeder reactor development 
in u;~o was three tunes higher than on solar development 
anions; all International Kncrgv Agcncv (IKA) members liven 
m the United States, which spends more on solar R&D than 
the rest of tire world combined, funding for breeder-reactor 
development is still on a pai with that for solar R&D 3 ~ Tins 
distribution of expenditures will be even more skewed in the 
next few vears, for the Reagan \ckiimstration has proposed 
sweeping cuts m spending on solar „nd conservation while 
arguing tor increases in support for unclear R&D The Reagan 
\clinimstratiou s encrgv policv is based on the notion that 
market forces should determine the patten of investment in 
encrgv technologies, but this plulosophv does not seem to 
appK to i mi I car power 

II./ apparent preference tor nuclear R&D should, neverthe- 
less, be seen in light ( the marked shifts in encrgv R&D 
priorities in manv countries m recent . *rs For example, in the 
ll\ \ member ' ountrics, the share of total government encrgv 
R&D expenditures devoted to conservation rose from 2 3 per- 
cent to 04 percent between 1074 il,K ' and the share 
claimed bv renewable resources climbed from a mere 1 o per- 
t cut to 1 2 o percent (act the same period ,h f See Table ^ 4 ) 
ct, 111 spite of these shifts, even the IKA has suggested that 
more could be done to change direction Pointing out that fulls 
three-fourths of the cucigv R&D expenditures of its member 
governments are chrcctlv concerned with electricity genera- 
tion, the IK \ suggested in a 1080 report that more emphasis 
should be placed on developing technologies that would ch- 
rcctlv displace liquid fuels Moreover, the "important potential 
contribution" of conservation "still does not appear to be re- 
flected m the level of its funding," the IKA stated ' 



Knowledge and Power 



Table 34 l;.stribution of l*.nerg< R&D Kxpenditures in IK V Member 
Countries, 1074-70 
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Defense, apace, and basic research programs together ac- 
count for almost half the iota! global expenditure on R&D 
The> are mostK supported b\ government funds I lie other 
half ot the global budget is largelv financed hv private mdustrv, 
although there are substantial government investment* m such 
areas as energv, health, and agriculture f 

As already noted, government contacts provide a largrxhare 
of the support R&D in some companies Close to one-third 
of the total research perform"'! m a porate laboratories 111 
Britain, France, and the United Stat^ is supported bv govern 
nient f'uicls In sharp contrast, 1 1 Japan and Switzerland, less 
tli ip 2 percent of the R&D performed b\ corporations is paid 
for with tax revenues 40 

Government support for industrial R&D is heavily concen- 
trated m industries related to defense and space In the United 
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States, tax revenues pav for almost So percent of the research 
and development performed In the aerospace mdustrv and 
ncarlv half of that carried out b\ the electrical equipment and 
telecommunications industries In France, aer(>pace compa- 
nies draw two-thirds and electronics companies about one 
third of their research and development funds from the na- 
tional exchequer 41 

In contrast, corporations making pharmaceuticals, moto: 
vehicles, and iron and steel perforin vciv little government 
sponsored research and development For such companies, 
R&D is |tist like am other business investment — it must be 
justified in terms of its potential contribution to profits and it 
must compete with advertising, the purchase of ap.tal equip- 
ment, and similar items for its share of corporate funds In the 

1 nited States, corporations have plowed an average of about 

2 p< icriit of their gross incomes into their research and (level 
opmcnt laboratories over the pa*! fifteen sears, a proportion 
that falls well short of the share claimed bv advertising depart- 
ments I he proportion v >rics grjativ from mdustrv to indu>trv 
however, with the electronics in lustrv i,. vexing about in pci 

i cut ot its m come in R&D and the service industries about o ^ 
percent 42 

Between loo- and or^ corporations in \\ stern Kurope, 
\ortb \iiKnca, and Japan plowed a steadilv gn «w mg amount 
of their own funds into laboratories But government support 
for industrial R&D during that penod fell bv almost one 
tourth, with lunch of the decline occurring m the Imitcd 
States as a re nit ot shrinkage m the spac e program In the late 
seventies, I S government funding picked up again, with sup 
port for eueigv R& I) and inc reased defense outlavs leading the 
wav Muse contacting trends tend to muddv international 
comparisons ot industri.il R&D expenditures Countries such 
as lapan, m which virtualK all industrial R&D is financed In 
tompanv funds ' ,\t seen a steadv rise m their total R&D 
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spending, while countries such as the United States and France 
have seen rising corporate funding offset bv dwindling govern- 
ment support 41 

Because research and development expenditures derived 
from companv funds provide one measure A the importance 
attached to innovation bv corporate managers, a comparison 
among industrial countries in the amount of corporate R&i 
performed per person mav provide an indication of relative 
levels of innovative capacitv \ccordmg to tins measure, the 
Tinted States still outranks most other industrial countries, 
although West German and Swedish corporations spend al- 
most as much per person as American corporations do 44 (See 
I able ^ 5 \ Superimposed on these trends 15 the fact that 
rcscarc h md development is highlv concentrated m a few com- 
panies In the t 'mted States, for example, although more than 
10.000 companies perform R&D. |iist four account for fullv 
zo percent of the total expenditure and twentv companies 
together spend about half the total Indeed, the R&I) pro 
grams ot sonic companies dwarf those of cntue countries 4 ^ 
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'See Table ;6 i 

What is all this monc\ sp'nt oiT There is no easv answer, 
for few ^o\erinneiits keep accurate information on the R&D 
activities of private corporations, and e\en in those countries 
where there is j wealth of data — such as the United States — 
it is not easv to group corporations into well-defined industries 
Nevertheless, a rough estimate by the Organisation for Eco- 
nomic Cooperation and Development indicates that m 10/75, 
almost two-thirds of the total industrial R&D in the western 
industrial countries was performed bv three industrial groups 
electronics and electrical goods, with ;S percent of the total, 
chemicals, including the drug industry, with 19 percent 
and aerospace with i~ percent In the United States, six in- 
dustries -acrosnacc. electronics, chemicals and drugs, motor 
vehicles iiuchmerv, and 11 struineuts -performed more 
than tour-tittle of 'he nation's industrial R&D m the late 
scventu s 

I ahk* % fi RM) I' \|Hiidttuns In Suctkd Countries dud Corporations 
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While universities are the c luc f focus for basic research, 
corporations concentrate on applied research and experimental 
development In the United States, less than } percent oi 
industrial R&D is devoted to basic research, and this propor- 
t;o * has declined since the late sixties 

The vast majority of industrial R&D is concerned with de- 
igning, developing, and testing products — activities such as 
testing drugs for adverse mcIc effects, restyling automobile bod- 
ies for each year's model change developing new consumer 
gcxxls, and so on it is unpossiblc to estimate precisely how 
much industrial R&D is directed toward relatively trivial 
changes to existing products — changes that serve simply to 
in. ntam a market edge — but some observers suggest that the 
proportion is substantial and growing " There has been recent 
ev idence ot a shrinking of tune hon/ons and a grow mg conserv - 
atism ret;, rding industrial R&D/' suggests Richard Nelson of 
Vale ( 'invert tv Hie reason is that high levels of inflation and 
economic uncertainty are steering coiporatious awa\ from cx- 
plnraW R&D that h hkeK to !ia\e its payoff onlv in the lung 
term and toward activities designed to maxmu/e short-tenn 
profit* Government regmafuns are also forcing corporations 
U' put more resources into pollution control energy conserva- 
tion, and occupational satetv and health programs— tasks that 
rcqu.ic urgent attention 4 ~ 

These nu?i\c lineaments »n industrial rcscaich and devel 
opuient are thus part c>l i complex 'A stem On the one hand, 
thv industrial R&D mtcprisc is driven b\ the chief corporate 
objectiw of mcrea.ini' profits, and, on the other, !)> govern 
ment net r c or wcuiams systems, space vehicles, scientific stud 
ies, aiki Dthei expertise 't is also highly influenced bv oroad 
economic tar tors such as inflation and uiicertam prospects for 
economic growth and bv more narrow factors such as govern 
ment regulations and tax polities Governments thus have a 
strong direct influence >ver industrial research and develop- 
ment because thev oav for sou . of it, and they have an equallv 
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strong indirect influence through their general economic and 
industrial policies 

Xeeds and Priorities 

In spite of the hcavs reliance that go\ eminent officials and 
corporate leaders place on technology to sohe their manifold 
problems, the distribution of scarce scientific resources is, b> 
any rational measure, scnouslv distorted with respect to soci- 
ety's real needs 

The priorities reflected m the global research and develop- 
ment budget and the arrangements for funding and perform- 
ing R&D were essentialK laid down in the postwar scars, m the 
corrosive atmosphere of the Cold W ar and in an era of atom- 4 
dant resources and cheap encrgv Now, as the world faces 
dwindling reserves of oil and gas, rising demands for food and 
fiber, and deteriorating biological svstcms, such unproducti\e 
tasks as developing more devastating weapons and restyling 
consumer products still claim the bulk of R&D funds around 
the world 

Thus, the Tinted States has the ahilit\ to sur\e\ virtuallv 
c\er\ square meter or the Soviet Union, set the world s scien- 
tists and euguieeis have barelv begun to survev the complex 
ecosystems of fast-disappearing tropical ram forests or the ma 
hgnant spread of the world's deserts The nuclear arsenals of 
the superpowers contain enough explosive power to reduce to 
rubble most of the cities on the globe, vet the more challenging 
task of providing clean, safe power for thosj cities has received 
tar less scientific attention 

Driven In the political and commercial motivatioi of gov . 
eriuneuts and corporations m the industrial world, the global 
research and development budget is poorK attuned to the 
needs of the developing countries m general an ! to the require- 
incuts of the poorest people in those countries m particular 
Not oulv docs the lack of R&D capacitv m Third World 
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countries perpetuate their dependence on imported teehnol- 
o^\, but it also means that the technologies produced are 
oscr\slielmuu;l\ geared the economic em uonmeut of the 
inclustnai countries— the\ arc caj)ital-nitensi\c\ I abor-vising. 
and adapted to lar^c-scale enterprises 

While it ?s eas\ to point out the mismatch between the 
priorities reflected in the world s imcstmcnt in R&D and its 
most urgent problems, it is far more difficult to reorder those 
priorities W hen the \jnons actors in the global R&O ssstem 
pcrceise a common interest, major new initialises can be 
launched with dispatch The Manhattan Project, which led to 
the atomic bomb, and the \pollo Project, which culminated 
m the i')(nj moon landing are the most celebrated examples 
Bi it sin h problems as pros iclm^ c lean and safe encr^s , reduc int; 
|x»\ert\ and building sust unable agricultural ss stems demand 
actions * hat tut across a rautje of \ested interests \uci unlike 
building bombs and s|> it c \ehi< les. t lies insolsc more than the 
simple marshaling ot s< ic ucc and tec lmoloi;\ to attain a single 
objec ti\e 

Vt there are mam stcj>s that can and should be taken to 
i hanncl P& H lesources into soc lalK producti\e areas Cos em 
incuts ha\c considerable Vxibihts m reordering their own 
KM) priorities iml considerable power to influence the pro 
m uns ut j)ri\ak mclustrs through a combination ot mcenhst s 
ind' ^illations 1 iu\c rsities constitute a major soune of scien 
tifit and en^nccruu; c\|>crtis(, \et tl:e\ channel little or this 
knew into the solution of problems in their surrounding 
eoininumtus In the Nurd World. K&D uistituMons are in 
din need ot aid from the industrial world \nd finalK. while 
;_;< .\eriune nts and inultmatioiij corporations dominate the 
funding and pi r(orm tl uce ot R& I) the\ c!o not hold a i.ionoj) 
o|\ on ! ainan m^t units , a|)j)roj)nate tec hnolojn groups m ru h 
and poor i oun tries in clcsclopink; tct lmoloi;ies thai base been 
mulct ted h\ major RAtH i nterj)rises, but usualh such groups 
aie pi mii l\ In and la* k ofTie lal sup|>ort 
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Reordering the world's R&D priorities by channeling more 
mone\ into neglected programs, new organizations, and Third 
World laboratories will not be sufficient to solve the world's 
problems, however Mam tasks are too urgent to wait for R&D 
to provide solutions and virtually none can be solved by science 
and ' xhnologv alone Indeed, when new knowledge is used to 
bolster the power of governments, corporations, and ruling 
elites, it can aggravate the social injustices that lie at the r(x>t 
uf main of the world's most urgent problems 

Nevertheless, there are many areas m which R&D can plav 
a kev role in determining how socictv responds to the problems 
that will present themselves m the decades ahead The world s 
research and development program now reflects the needs of 
the fifties and carh sixties Major change wil' be needed *n 
make it more relevant to the eighties and nineties 
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I lie distorted pnoiitics reflected m (he 14lob.il research <uk1 
development budget help explain uh\ so mum h 'ethnological 
1 liaise is unrelated to the problems confronting the world Rut 
R&l) isonK one of a constellation of factors that mflueiuc the 
pue and direction of t chnoloi^tcal innovation 

Innovation, w hi< h can looselv be desc nbed as the nicoiporj 
(ion of new knowledge ami ideas into products and processes 
is hi^hh sust c ptiblc to c tun^nm economic Mid political fore e^ 
It .dsn { K to o< c ur in waves, as tec hnolo^it al t hati^c s 111 one 
indiistrv spark innovations 111 related industries \ud. 111 an 
mi r< asmi;l\ interdependent world eiouour technological 
change is stronulv affected In prelims of intern itional em 
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nomiL compctiticm 

The shifting economic tides of the past decade have thus 
deepK affected patterns of technological innovation The rate 
of innovation has slowed down in some sectors and it has 
picked np in others, and it seems to be occurring more rapidk 
in some countries than in others Moreover, there are signs that 
the world ma> be m the midst of a transition between two 
technological periods, for much of the technological change- 
that took place m the fifties and sixties relied heavdv on cheap 
energv and abundant resources 

Two of the most important technologies on the immediate 
hori/on are microelectronic* and biotechnology Both hold 
immense promise, for thev can help overcome cnergv and 
resource constraints Rut like many other technologies, their 
widespread use ma\ raise serious problems The> are likely to 
he at the center of a major restructuring of patterns of produc- 
tion in mam sectors m the world economy, which in turn will 
alter the tvpes of jobs and the skills needed in society These 
two technologies help illustrate how innovation. productivity, 
and jobs are tightly bound togethci 1 

\n Innovation Recession 

'! he long economic boom that followed W odd W ar II was 
characterized b\ unprecedented technological change across a 
broad spectrum of industries Products changed dramatical!) as 
new materials were developed and applied in a wide range of 
activities, entirely new technologies, such as antibiotic drugs, 
nuclear energy, and television were introduced, production 
processes were transformed with the advent of new machine 
tools and new forms of automation This surge of innovation 
wrs both a contributor to and a result of the transformations 
that were taking place in the postwar world economy 

One measure of the level of innovation during the fifties and 
sixties is the sharp rise in prod- -tivity that took place through- 
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» nit the industrial world Nowhere was tins more ohv ions than 
in i^nculture \ot onh did the introduction of labor-saving 
majuncrv directly boost output j >cr worker 'also displacing 
millions of farm workers in the process 1 , hut the spread of new 
agricultural technologies iKo raised crop \ielch and led to 
higher levels of production pci person In manufacturm^ m- 
clustnes, too the application of new technologies tud new 
forms ol industrial ■ >r^ani/ah< >n resulted in sharp increases m 
output for each hour of labor t \peuded in the factor 5 '. 

Buf the unpreccdeiitcd prod .^tivitv growth rates achieved 
during the postwar pen ( id hcfcja ■ to tail off m nuiiv countries 
in the lite sixties, and thev went into a slump in the earlv 
seventies 11k I mted States and Britain canic t lose to the 
bottom of the league m piocluc tiv itv growth during the uUm- 
hes t with growth ntcs of around i percent a \ear between \<)~1 
and th( e'»c| of the decade, both countries, m tact, entered the 
eighties with then produc ti\ it\ ie v els actuallv clee lining Othc r 
industiial countries faied i little better but as economist Ko 
nald \luller has pointul out. "the \1iKiKa11 phenomenon is 
lxyinuiii^ to sprt id V cording 10 \! filler's c.tlc illations, it tlu 
annual pudu-fivih i;rowth ra\ sinct or; aie set a^amM 
thos< of flu prc^ 'ous <lc\ adc . Japan s growth rate dropped b\ 
(>\ |*i rt cut , \\ c*s* C'CTinai 1, s |v. percent, I* ranee's In 
percca*. C n »ad i * }u percent, and Itah's hv So percent -' 

I edmolo^K il , han^< is not tin «uiiv lac tor in raising overall 
lew-l , of produc tr.itv Brodne tmtv is genera IK lusher in mann 
i it turnip uulustr\ than it is m aunt ult uu , and thus p t irt of the 
uasMii foi the c \< e phonalh lu»li '^roulh rates of the postw^i 
period t m be' explained In the movement of workers u\a\ 
fiom Mk neleis into the factories Mart of the slowdown m 
piodiu tmtv t^iow th m the s< \i nlu - is dm to the fae I th.it mo.! 
I'idiislri it countries now hau .1 niaionlv <»f t licif work forte 
c u.piow d in ottn / s indservue mdnstiies where tasks arc n« »t 
c is\ to lutoinah ind whin* prodiu tritv < »>nseejui nt h ui 
ena-c dowlv 
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The level of skills m the labor force also affects le\cls of 
productivity since skilled workers generally produce . t higher 
levels Thus the influx into the workforce of large numbers of 
iclativelv unskilled voting people and women during the past 
decade mav ha\ e reduced rates of procluc ti\it> growth Kinalk, 
the sharp increase in capital expenditures aimed at controlling 
pollution and nnpro\ mg safet> in the workplace does not regis- 
ter in terms of increased productmt} As Michael Harrington 
lias pointed out, statisticians consider such expenditures as M a 
diversion of resources from 'productive' uses, including the 
manufacture of carcinogenic cigarettes Thus, saving miners' 
lives in recent \ ears has been a source of negative' products it\ 
in the mining industrv " 3 

Vet, even when all these factors are taken into account, the 
steep decline in productivity growth during the seventies re- 
mains puzzling For example, 111 a sur\e\ of trends in the V S 
econoinv, hdward Deiusou of the Brookings Institution com 
eluded with refreshing candor that a substantial chunk of the 
productive decline defies explanation 4 \ ^)()d deal of evi- 
dence, however, points to a reduction in the tempo of techno- 
logical change 

One possible signal of a slowdown in technological innova- 
tion is the Let that in manv countries there has been a leveling 
off or even a decline m the number of patent* applied for and 
awarded vach \car \ suncv of patent applications filed be- 
tween 10^ and io~o bv citizens in nine major industrial 
countries shows considerable \ear-to-vcar fluctuation, but m 
even conntrv except Japan, the peak vear occurred between 
and uro In the United States, for example, the number 
of patent applications filed bv Xmcncan citizens dropped from 
a high of |iist over ~(),ooo in 10*70 to about 6s ,000 m 1976 
(The total number of patents filed m the United States (I'd not 
decline so stci ph. largelv because of an increase 111 the number 
of applications hied bv hoik itizeus ) This lev cling off is particu- 
lars notevvoitliv since expenditures on industrial research and 
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development continued to expand during the seventies, the 
productivity of those outlays seems to have declined 5 

Although these figures are at least suggestive, patent applica- 
tions show, at best, only a fu//y outline of innovation trends 
Most patents are never put to use, and the overall figures give 
no indication of trends in the quality of innovative activity, for 
they make no differentiation between run-of-the-mill inven- 
tions and key breakthroughs that launch a major new develop- 
ment Trends in the number of truly groundbreaking techno- 
logical advances can only be seen in hindsight, and then usually 
from a long distance 

An indication of a slowdown in the number of major ad- 
vances — or at least in their commercial application — can be 
seen in the trends m the number of new companies started up 
during the seventies, however New companies, particularlv hi 
the United States, have been the source of a disporportionate 
amount of groundbreaking technological innovation Fre- 
quently started with a few hundied thousand dollars of venture 
capital as seed money, and often based on one or two key 
patents, small, high-technology companies have pioneered in 
the dcvclopnent of several important new technologies Polar- 
oid and Xerox were launched m this manner, for example, and 
most of the important developments in microelectronics were 
carried out by small firms established in the United States in 
the sixties 

The typical life cvcle of a new company proceeds through 
a start-up phase, in which seed money provides the basb for 
early growth, to the point at which shares are sold to the public 
in order to generate new investment capital The number of 
new companies that sell shares for the first tunc— ' go public" 
in Wall Street parlance— thus provides an indication of the 
level of activ ity in this important area of the economy and gives 
a measure of the financial interest in supporting new ventures 
In 196c;, more than 1 ,000 companies went public 111 the United 
States, and two years later, even though the economy was going 
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through a difficult period, 646 companies raised more than 
$3 3 billion on the stock exchange when they sold shares tor 
the first time But a slump set in in 1974. and during the next 
four years onlv a handful of new companies went public 6 

Not all of the companies spawned in the boom years of the 
late sixties and early seventies were based on the latest technol- 
ogy But a studv conducted bv the Department of Commerce 
shows how deeplv the slump affected small, high-technology 
ventures. In 1969. some 204 technology-based companies went 
public but the number dropped to |ust four in 1974 P«t of 
the reason for this decline was a drought in venture capital, the 
seed monev that provides the initial support for many new 
companies Between 1970 and ,977, the venture capital busi- 
ness was "practically dead," reported Business Week In the 
late seventies and early eight.es, however, there were signs ot 
new life in venture capital markets and in the subsequent 
public launching of new companies The resurgence was barely 
dented by the recession that struck the American economy in 

that period 7 , 

There were thus several disparate indications of a slowdown 
in technological advance during thesevent.es. The appearance 
of an ii.novat.on recession is, however, easier to discern than 
are the causes Part of the explanation lies in the general state 
of the world economy The persistence of sluggish economic 
growth and limited increases in productivity have resulted in 
a vicious cycle technological innovation is needed to raise 
growth rates, but industry is reluctant, or unable, to invest in 
new technology dining a recession Labor-saving technological 
change- the basis of much of the productivity surge of the 
postwar period-is also more vigorously resisted when unem- 
ployment is high and displaced workers have few alternative 
employment possibilities 

The v icons evele of slow growth and lagging innovation is 
particularly evident -n Industrie* nich as rfed and automobile 
manufacturing, where international competition has heated up 
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while sales have stagnated A 1980 study of technological 
trends in the steel industry, conducted by the Congressional 
Office of Technology Assessment (OTA), concluded that 
American steel manufacturers must spend at least $3 billion a 
year 111 the early eighties to modernize their plants This level 
of expenditure will be needed if the U S steel industry is to 
hold its own against imports from technologically more ad- 
vanced plants in Japan, West Germany, and some Third 
World countries, OTA suggested Such a modernization pro- 
gram will require annual investments at least 50 percent higher 
than the industry made in the late seventies, and these outlays 
will have to be made at a time when sales and profitability are 
expected to be low because of sluggish world demand The 
alternative, however, is a continued loss of market share and a 
further decline in profits A similar dismal choice faces steel- 
makers in many other countries where failure to invest in new 
technologies during the seventies has made their plants rela- 
tively unproductive 8 

The problems facing the automobile industry are similar 
American car manufacturers are now in the midsl of an SSo 
billion retooling program aimed at producing more fuci- 
efficient cars, at a time when they are reporting record losses 
Again, they have no alternative but to transform obsolete pr: 
ducts that arc no match for technologically more sophisticates 
imports Some automobile manufacturers in other c< imtnes 
are also faced with the necessity of rev imping and automating 
their production hues in ordei to compete effectively with 
manufacturers v\ ho have raised productivity through bhor Hiv- 
ing automation Like the steel industry, the problems facing 
automobile manufacturers stein partly from lack of innovation 
in the seventies and the failure to anticipate the impact of 
sharply increased oil prices 

The difficulties facing the steel and automobile industries 
arc matched 111 many sectors wher<: growth is sluggish and 
demand is depressed A icport by the Organisation for Kco 
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nomic Cooperation and Development describes how these eco- 
nomic conditions affect technological change over the long 
term ''Slack capacity and diminished expectations regarding 
future demands damp down investments in new plant and 
equipment, reducing the growth of physical capital per em- 
ployed worker and diminishing the pace at which new tech- 
nologies are brought into practice Over the still longer run, 
Ji&D incentives themselves are damped " The study concludes 
that "there is evidence that all of these reactions have occurred 
arid arc occurring " 9 

Technological Change and Business Cycles 

If sluggish growth and dampened demand alone were re- 
sponsible for the slowdown in innovation, an economic upturn 
should bring forth a new surge of technological advance But 
the innovation recession of the past decade mav actually repre- 
sent a transition between two distinct technological periods 
For one thing, many of the technologies introduced m the 
fifties and sixties relied heavily on the availability of cheap 
energy And for another, the wave of innovation that followed 
W orld W ar II may simply have run its economic course and 
j new wave of very different innovations max be gathering to 
take its place 

The idea that major technological innovations are often 
clumped together and thai they coincide with periods of rapid 
economic growth was put forward in nfti) bv the economist 
Joseph Schumpctcr to explain the reason foi long-term cycles 
of economic activity in the industry! countries The existence 
of such cycles had been described a decade earlier by the Soviet 
economist Kondratiev, who pointed out that business activitv 
occurred in waves, which took between forty and sixty years to 
rise and fall Schumpctcr argued that technological innovations 
resulting from the development of steam power provided the 
driving force behind the first Kondratiev wave in the late 
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eighteenth and early nineteenth centuries, the development of 
railroads and associated technologies in the late nineteenth 
century undcrgirded the second Kondratiev wave, and innova- 
tions related to electric power and the internal combustion 
engine drove the third Kondratiev wave in the first half of the 
twentieth century 

Although tins explanation for cycles of economic growth 
ignores the influence of changing economic and social forces 
on the processes of technological change itself, it is clear that 
periods of rapid economic growth are frequently associated 
with a cluster of groundbreaking technological innovations 
Such was the case in the postwar period, when technological 
advances in j broad range of industries spread rapidly through- 
out the economy as innovations in one industry were taken up 
and exploited by allied industries Many of these innovations 
resulted from the accumulation of knowledge and the develop- 
ment of neu technologies in the war years and from the rapid 
buildup of research and development immediately following 
the war The chemical and petrochemical industries are a 
prune example of tins process 

Advances in chemistry and'm petroleum refining from the 
thirties on laid the basis for an astonishing vanetv of new 
materials, ranging from synthetic fibeis to new plastics and 
synthetic rubber These materials u, turn helped to transform 
allied industries, such as textiles, construction, and automobile 
manufacturing, as the chemical innovations spread throughout 
the economy At the same tune a combination of new knowl- 
edge in chemistrv and biology resulted in the production of an 
array of drugs that in turn brought under control a host of 
infectious diseases that had dogged humanity for centuries 
And a marriage between chemistrv and metallurgy spawned a 
range of new alloy s that underpinned developments m the 
aerospace, energy, machine tools, and similar industries 

By the late sixties, however, there were signs that tins post- 
war wave of innovations was beginning to die down In syn- 
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thetic fiber production, for example, the surge of new products 
that began H'ith the introduction of nylon in 1939 and which 
saw 7 a range of new materials developed in the fifties and sixties, 
slowed and changed direction in the seventies Virtually no 
radically new synthetic fiber has been introduced in the past 
decade, and the industry has turned its attention toward incre- 
mental improvements in production technology. This trend is 
not limited solely to fiber production. A 1979 survey of the 
chemical industry by the Economist reported that "technology 
has reached a plateau. The pioneering days of knitting new 
molecular combinations for big new plastics and fibers are over 
Only the more difficult molecular chains arc left to be worked 
on, and the promise of high returns has faded." 10 This innova- 
tion slowdown, it should be noted, has occurred in spite of 
increased expenditures on research and development in these 
industries 

Agriculture shows a similar pattern of rapid technological 
advance and sharp increases in productivity during the quarter- 
century following World War II, but of more limited innova- 
tion in the seventies. As Lester Brown has pointed out, "From 
the beginning of agriculture until World War II, land produc- 
tivity increased very slowly For long periods of time, it did not 
increase at all Rice yields in Japan during the nineteenth 
century were only marginally higher than those during the 
fourteenth century. Corn yields in the United States during 
the thirties were the same as those during the 1860s, the first 
decade for which reliable yield estimates are available. Follow- 
ing World War II, however, crop yields began to rise rapidly 
in virtually every industrial country." 11 

Worldwide, the amount of cereals produced per acre 
climbed by about 2.4 percent a year throughout the fifties and 
sixties, and in the United States, it rose by a spectacular 40 
percent a year in that period. Behind these trends lay a variety 
of technological innovations, ranging from the development of 
new processes for making nitrogen fertilizer cheaply from natu- 
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ral gas feedstocks to the introduction of a host of new pesticides 
and herbicides In addition, the development of new plant 
breeding techniques in the sixties led to the spread of varieties 
of crop plants that were particularly responsive to increased 
fertilizer use — the so-called Green Revolution varieties. 12 

Since the early seventies, however, yields have grown more 
slowly and they have become more erratic. Countries as diverse 
as the United States, France, Egypt, and China experienced a 
slowdown in the growth of productivity of their agricultural 
lands in the seventies Although the reasons for this break in 
the postwar trend differ from country to country, such factors 
as the increasing use of more marginal land, the sharp rise in 
fertilizer price* resulting from the oil-price hikes, and poor 
weather in the early seventies were significant in each case. But 
there were also signs that the surge in innovation had begun 
to die down 

Following the initial successes in plant breeding in the six 
ties, new varieties introduced during the seventies showed less 
dramatic yield increases There were also some frustrations, 
such as difficulties in breeding varieties of corn with high lysine 
content and the inability to repeat with soybeans the yield 
improvements achieved with cereal crops Problems also began 
to appear with many pesticides, as signs of environmental con- 
tamination became too obvious to ignore and as main pests 
developed resistance to the compounds introduced in the pre- 
vious decades Since the early seventies, few effective new 
pesticides have been introduced n 

More direct evidence of a slowdown m technological acl- 
ance has been reported by Louis Thompson, associate clean 
of agriculture at Iowa State University, and \eal Jensen, [>ro- 
ftssor of plant breeding at Cornell University Thompson has 
noted that in the late fifties, there was a wide gap in the yields 
achieved on experimental plots and those achieved on average 
*amu in Iowa, but bv the early seventies, this gap had virtually 
'lisappeared In effect, the backlog of technology available to 
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farmers in Iowa had largely been used up. Jensen arrived at a 
similar conclusion from studies of wheat yields in New York 
State He suggested, in an article published in Science maga- 
zine, that "the rate of productiv it> increase will become slower 
and will eventually become level " Jensen also suggests that 
plant breeders in the advanced industrial countries have al- 
ready raised yields almost as far as they can 14 

These trends in the chemical industry and in agriculture do 
not mean that the spectacular wave of innovation during the 
postwar period has fi/zled out entirely The developments of 
the past decade reflect a typical maturing process in which 
rapid change takes place in the early years as new innovations 
are exploited, but the pace of change slows down as the innova- 
tions run their course and as attention turns to incremental 
improvements in existing technologies Jay Forrester, professor 
of management at Massachusetts Institute of Technology, puts 
the argument succinctly "Our present technology is mature 
Since i960 there has not been a major, radically new, commer- 
cial!) successful technological innovation comparable to air- 
craft, television, nylon, antibiotics, computers, or solid-state 
electronics The things that are truly new do not fit into the 
present technological infrastructure they must wait until the 
next great technological wave We are ntanng the end of 
a technological era 

It is not necessary to take such an apocakptic view to reali/c 
that fundamental shifts m the patterns of innovation are under 
way Innovation has not died down 111 all industries indeed, it 
is accelerating in some sectors of the economy Leading the 
wav is the development and application of microelectronics, a 
technology that began to flower in the seventies And more 
recent developments in the biological sciences also promise to 
spark off a surge of innovation in the eighties and bevond If 
the theory of Koudraticv waves of innovation is correct, these 
technologies are likely to be the leaders of technological and 
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innovative growth in the eighties 

Just as advances in chemistry and materials technology 
sparked technological changes in a broad range of industries in 
the postwar era, microelectronics and biotechnology will have 
a pervasive impact in the decades ahead As these technologies 
arc developed and applied, they will lead to fundamental 
changes in industrial production and m the organization of 
work and daily lives Moreover, unlike most of the technologies 
that underpinned the postwar wave of innovation, microelec- 
tronics and biotechnology do not require the use of large 
amounts of energy and material resources The evolution and 
potential use of these technologies illustrate many of the key 
issues surrounding technological change, productivity, and 
jobs 

The Microelectronics Revolution 

It is time to sit rp and take notice when a committee of the 
National Academy of Sciences states that "the modern era of 
electronics has ushered in a second industrial revolution its 
impact on society could be even greater than that of the origi- 
nal industrial revolution " Academy committees are not usually 
noted for hyperbole 16 

The Academy is not alone m suggesting that recent ad- 
vances in electronic technology are harbingers of sweeping 
social changes In the past decade, when most industries ex- 
perienced sluggish growth and flagging innovation, the elec- 
tronics industry saw its sales boom and its products change 
dramatically The key to these developments is the ability to 
imprint tens of thousands of electronic components and com- 
plex circuits on chips of silicon one-fourth the size of a postage 
stamp This technological feat has shrunk the size of electronic 
equipment, increased the power and flexibility of small com- 
puters, and slashed the cost of storing and manipulating mfor- 
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mation It also promises to revolutionize patterns of industrial 
production and lead to increased levels of automation in facto- 
ries and offices 17 

The development of this new microelectronic technology is 
being spurred by massive investments from governments and 
corporations around the world Indeed, the pressure of interna- 
tional competition has become one of the chief driving forces 
behind the swift pace of change in microelectronics The eco- 
nomic stakes are high. By the end of the eighties, the electron- 
ics industry is expected to rival the automobile, steel, and 
chemical industries in economic importance Indeed, Arthur 
Robinson, writing in Science magazine, has suggested that "if 
steel and oil have been two of the key ingredients of modern 
industrial society up to now, many believe that in the remain- 
der of this century it will be the state of a nation's electronics 
mdustrv that signifies whether it is a developed nation or 
not" 1 * 

The technological advances that have propelled the elec- 
tronics industry into the front ranks of the world's leading 
economic sectors began in the late forties with the develop- 
ment of the transistor But the pace of cjhange quickened 
dramatically in the seventies as new techniques led to stunning 
levels of miniaturization in e!e:tronic components By the end 
of the decade, electronic circuitry that once would have filled 
a room could be etched on a silicon chip pleasuring just five 
millimeters across, the most densely packed chips, aiiowii as 
integrated circuits, contained close to 100,000 electronic com- 
ponents It is expected that by the late eighties, at least one 
million components will be crammed onto a single silicon chip 

These developments, furthermore, have slashed the cost of 
electronic equipment because once a particular integrated cir- 
cuit is designed and tested, it can be mass produced at rela- 
tively low cost This means that an electronic circuit that just 
a few years ago would have been built by the expensive and 
laborious process of wiring together thousands of individual 
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parts, can now be bought off the shelf for a few dollars. 

Most integrated circuits are designed for specific tasks, such 
as operating ? digital watch or storing information in a com- 
puter memory In 1971, however, the American microelectron- 
ics company Intel brought out a radically different, more flexi- 
ble type of integrated circuit that vastly extended the range of 
applications of microelectronic technology Intel essentially 
put the entire central processing unit of a computer — the com- 
plex circuitry that processes information and carries out com- 
putations — on a silicon chip The resulting integrated circuit, 
known as a microprocessor, can be programmed like a com- 
puter to carry out a broad range of functions 

The central processing units of powerful computers that 
would have cost thousands of dollars to produce a few years ago 
arc being mass-produced today for a few dollars apiece. A 
startling achievement in its own right, this development means 
that the computer's ability to process information and earn 
out instructions can now be incorporated relatively cheaply 
into a variety of machines, ranging from cruise missiles to 
microwave ovens 

These tiny electronic devices did not emerge suddenly from 
the laboratory bench and begin to change society, however As 
with any new technology, the development of microelectronics 
has been pulled along by economic and political forces During 
the sixties, the U S military and space programs provided the 
driving force, accounting for most of the integrated circuits 
produced in the United States This burgeoning military de- 
mand provided a stable market for the small, innovative mi- 
croelectronics companies that spearheaded the technological 
development, and it helped launch the industry on its high- 
growth trajectory 1() It also changed the nature of many weap- 
ons Microelectronic controls now constitute the brains of 
guided missiles, "smart" bombs, electronic sensors, and other 
ingredients of modern warfare, and have played a central role 
in the development of military space systems 
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During the seventies, the focus shifted toward civilian ap- 
plications, and commercial incentives are now pushing the 
development of the technology The manufacture of inte- 
grated circuits has turned mco a >io-biIIion-a-\car mdtistrv, 
and sales have been growing at the phenomenal rate of 30 
percent per >car Military programs account for about Si bil- 
lion worth of microelectronic devices, and the rest of the ex- 
penditure isAvidelv disseminated throughout the economv 20 

The biggest single user of microelectronics is the computer 
industry itself The development of cheap and powerful micro- 
processors and integrated memory circuits has spawned a broad 
range of small, flexible computers that can be programmed for 
a variety of tasks Just a few years ago, the cheapest computers 
on the market cost hundreds of thousands of dollars and thev 
were big, powerful machines Vow home computers the si/eof 
a typewriter can be bought for less than Si.ooo, and powerful 
business machines for less than $10,000 These developments 
have brought computing power to the fingertips of a rapidly 
growing number of people Thcv have also opened the way for 
the widespread use of computers to control industrial machin- 
ery and for an expansion of electronic record-keeping, informa- 
tion processing, and cU\d gathering 

Although for many people the chief manifestation of this 
microelectronics revolution is the transformation that has 
taken place in many consumer goods and gadgets—the manu- 
facture of pocket calculators, digital watches, and electronic 
toys and games mushroomed into a V;-biIhon-a-year business 
in the late seventies— it is in the workplace that the new 
technology will ultimately have its chief social impact Klec 
tronic machinery is already beginning to change jobs 111 estab- 
lishments as diverse as banks and steelworks \o technologv in 
historv has had such a broad range of applications in the work- 
place' 21 

The spreading use of computer-controlled machinen in fac - 
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iory production is leading to new levels and forms of automa- 
tion In giant industrial plants such as oil refineries, power 
stations, chemical factories, and steelworks, small computers 
and microprocessors built directly into measuring instalments 
arc being used to control temperatures, pressures, and the flow 
of materials These tasks are, however, already highly auto- 
mated, and the use of microelectronics will essentially allow 
more precise control over plant operations In many other 
factories, microelectronic devices will extend computer con- 
trols to tasks that have previously remained relatively immune 
to automation Indeed, it is in the machine shops and on the 
assembly lines of manufacturing industries that microelectron- 
ics will ultimately ha\e its chief industrial impact 22 

The key to the growing use o£ electronics on the factor) flexor 
lies in the ability to incorporate microprocessor controls cli- 
rcctlv into machinery such as laHics, grinders, and cutting 
machines These computer-controlled machine tools operate 
according to sets of programmed instructions, and by simply 
changing the programs, they can swiftly be made to shift from 
one task to another This flexibility is of fundamental impor- 
ancc Until now, automation has been largely restricted to 
factories that turn out thousands of identical products, because 
it has been too costly to retool machines at frequent intervals 
to perform new tasks But the development of reprogrammable 
machinery makes it economically feasible to automate produc- 
tion processes that involve short production-runs and freq ient 
changes m machine settings. The majority of manufacturing 
processes fall into this category 23 

Computer-based automation is also being extended to th'- 
assembly stage of production A new generation of microelec- 
tromcally controlled robots is being developed to perform a 
wide range of complex tasks on assembly lines These machines 
bear little resemblance to the androids of the film Star Wars 
They consist of a flexible arm, with two or more joints that are 
controlled automatically, on the end of which is a tool such as 
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a drill or a paint spray Seme of the more advanced robots can 
be reprogrammed by tvpmg new instructions on a keyboard or 
by inserting a new n. .gnetic disk into* the machine A comput- 
er-controlled welding machine, for example, can weld a Ford 
Pinto one minute and a Mustang the next The automobile 
industry is leading the way in the use of robots. For example, 
in Nissan's Zama plant near Tokyo, 96 percent of the welding 
is done by robots, a level that is being matched m some of the 
newest plants in Europe and the United States By 1987, 90 
percent of the new machines bought by General Motors will 
be computer-controlled, predicts G M president E. M 
Estes 24 

Although the use of robots is increasing rapidly, most of the 
current generation of machines arc limited io relatively simple, 
routine tasks But as the technology becomes more sophis- 
ticated, robots will become more versatile and their potential 
uses will multiply The key step m this development will be to 
equip robots with a sense of vision by using powerful micro- 
processors and computer memory to link the image produced 
by a camera with the machine's actions Such robots are al- 
ready under development, and prototype production lines em- 
ploying "seeing" robots have been set up 111 the United States 
and Japan Parallel development efforts aimed at equipping 
robots with sensitive pads that would enable them to discern 
objects by a sense of "touch" are also well along in several 
laboratories :<5 

The development of this new generation of more intelligttit 
robots will greatlv extend the number of jobs that machines c an 
perform, for they would be used to carry out more intricate 
tasks than today's robots tan tackle For example, a Fiat execu- 
tive suggested to Business Week that with sens / robots it 
would be possible to reduce the number of workers required in 
some plants to about 10 percent of current levels 2h 

Robots arc no cheap The current generatior * hines 
starts at around $^,000 for a model that can be t mined 
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to cam' out several tasks One equipped with usion or touch 
sensors would cost at least $75,000 But even at these prices, 
robots can represent an attractive economic proposition Ac- 
cording to Joe Kngclbcrgcr, president of a large American 
robot company, an average robot costs about $4 80 per hour to 
operate when it is used for sixteen hours per day That is less 
than half the wage earned by a worker on an assembly line As 
the market expands and the cost of microelectronic controls 
continues to drop, the price of robots is expected to decline 
This trend will be greatly accelerated if some of the major 
electronics companies enter the business, for manufacturing 
costs are likely to go down a* production volume rises Accord- 
ing to a projection by a leading Wall Street investment analyst, 
as many as 200,000 r^ots per year could be sold 111 Hie V S 
by the end of the eighties if the major computer maker* enter 
the business 2 " 

The growing sophistication and flexibility of niicroclcctrom- 
cally-controlled machine tools and robots means that a large 
mngc of jobs can be automated But the ultimate impact of 
these machines will extend well beyond the piecemeal automa- 
tion of mdiVKhial tasks, for it is now possible to devise a f acton 
in which con 1 puTTT-con trolled equipment carries out an entire 
production operation 

In such a plant, a large central computer guides the opera- 
tions of minicomputers and microprocessors that 111 turn con- 
trol the operations of machine tools and robots The design of 
parts and of finished products is carried out with the aid of a 
computer, which then generates a program to control the ma- 
chine tool that will manufacture the product As the European 
Trade Union Institute tersely notes, "the highly skilled t(x)l- 
maker's job is thereby completely eliminated " 2M 

Although such a plant sounds like something dreamed up by 
science-fiction writers, it mav not be to<»far away The produc- 
tion of integrated circuits, for example, incorporates some of 
these features, for computer-generated circuit designs are 
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transferred onto masks that govern the automated manufactur- 
ing process The U S Air Force is also coordinating a program 
in which ahout eighty aerospace companies are attempting to 
apply computer-aided design and manufacturing techniques to 
the production of aircraft and missiles And in Japan, the 
Ministry of Trade and Industry is sponsoring an effort to de- 
velop a completely automated production facility hy 1985 29 

The application of microelectronics in the workplace will 
not stop at the factory gate. Office work is also in the nndst of 
fundamental change as computerized equipment is heing de- 
veloped to speed up and automate many tasks The incentive 
to automate office work is obvious enough Although office 
employment has been increasing rapidly in recent decades, the 
productivity of office workers has remained rclativci tatic 
According to one estimate, while the productivity of ol7icc 
workers rose by about 4 percent between i960 and 1970, that 
of blue-collar workers almost doubled The reason is simple 
factory workers are backed by increasingly sophisticated tech- 
nologies, yet most office workers rely on equipment and tech- 
nologies that have changed little in- fifty years 30 

The average factory worker operates about $25,000 worth of 
machinery, while the average office worker uses less than $2,- 
000 worth of typewriters, filing cabinets, copiers, and other 
equipment But the rapid proliferation of smart machines, such 
as small computers, word processors, facsimile machines, and 
computerized telephone terminals, is beginning to change fhis 
pattern of expenditure 

Consider, for example, the recent surge in sales of small 
computers and their use in a broadening array of offices The 
Electronic Jndustnes Association (E1A), an American trade 
organization, has reported that some 138,000 minicomputers 
—defined as machines priced from $5,000 to $40,000 — were 
sold in the United States in 1979 a ' onc B Y ! 9&4> the associa- 
tion predicts, sales could nearly triple, to 382,00c machines per 

It o 



Innovation, Productivity, and Jobs 



:117 



year Another study reported by EIA found that the sales of 
computers pneed below $10,000 apiece, which includes home 
computers as well as business machines, climbed from $276 
million in 1978 to $658 million in 1979 and arc headed toward 
a projected $2 4 billion in 1984 Just a decade ago, there were 
reckoned to be less than ioo,uoo computcis in use worldwide 
Sales of word processors have also mushroomed in the past few 
years In 1978, there were estimated to be 100,000 word 
processors in Kurope and 400,000 in the United States In 
1980, U S sales alone are expected to chrnb past $1 billion — 
more than 100,000 separate machines — and a $2-biIIion-per- 
vear market is expected to develop by 1983 

All of this technological wi/ardrv is being pushed along by 
some of the biggest names in the corporate world IBM, Xerox, 
and even Exxon are developing complete lines of office equip- 
ment 'ii the United States, in Europe, such industrial giants as 
Siemens and Philips have joined the fray, and in japan, giant 
electronic conglomerates such as Hitachi are pursuing the tech- 
nology Scores of smaller firms are also producing electronic 
office equipment, computers, and peripheral devices that can 
be linked to existing machines It should be noted that all this 
activity has blossomed since microelectronics came of age less 
than a decade ago 

These new ismess machines on their own can increase the 
efficiency with which some office tasks are earned out^But the 
hill impact of this flood of office technology will only be felt 
when the machines are linked in far-flung networks through 
which information can be transported, stored, and processed 
This potent al merger of computing, word processing, and 
telecommunications is at the heart of the much-touted infor- 
mation revolution 

In theory, for example, it is possible to transmit information 
between word processors, computers, facsimile machines, and 
so on though the telephone system, bypassing the cumber- 
some and paper-clogged mails Elec tioiuc cash registers — close 
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cousins to small computers and word processors — can be 
hooked up to bank computers to debit a customer's account 
directly, eliminating the need for checks or cash They can also 
record sales of individual items and relay the information to a 
central computer that looks after stock control And comput- 
ers, word processors, and even modified domestic television sets 
can be linked to electronic data banks to receive information 
electronical]) "without the services of filing, library, and secre- 
tarial staff," the European Trade Union Institute laconically 
notes 32 

The expanded use of electronic business machines also sug- 
gests that there will he sweeping changes in the way that some 
offices are structured, with work increasingly being diverted to 
the nc* machinery, some jobs being eliminated, and other jobs 
being reclassified All tins is likely to cause major upheavals and 
changes in working conditions As a report In Working 
\\ omen, an American association of office workers, points out, 
"because the new technology is being developed to computer- 
ize the verv flow of work in the office, its potential impact is 
qualitatively different fioni previous office equipment which 
'mc'chani/ed' or 'automated 1 routine tasks" 11 

In many respects, the development and application of mi- 
croelectronics brings into focus the issues that surround the 
so-called reindustriali/ation policies being pursued hv several 
western governments At the heart of those policies is an at- 
tempt to boost productivity by stimulating high-technology 
industries that offer prespevts for rapid growth and long-term 
economic success Since the electronics mclustrv is one of the 
Icadnrj growth areas m an otherwise flaccid global economy, 
it has naturally risen to the forefront of discussions of reindus 
tnah/ation Hie hope is that microelectronics will be able to 
overcome some of the constraints on products it\ growth that 
have emerged in virtually every count r\ in recent years Indeed, 
the Organisation for Kionomic Cooperation and Development 
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has suggested that "the electronics complex will be the main 
ftole around which the productive structures of advanced in- 
dustrial societies w«ll be reorganised. 

In part, the attention being lavished on microelectronics — 
and the government funds being poured into its development 
— is a response to international economic pressures. In an 
interdependent world economy, governments have little choice 
but to ensure that their high-technology industries are in good 
health As a 1978 paper by Britain's Labour government put 
it, "As a trading nation we have only one realistic option — to 
seize the opportunity provided by this new technology to catch 
up with our industrial epmpetitors and to adopt and develop 
it at least as fast and as comprehensively as they do. To opt out 
will lead to the very worst fears being realised " A report to the 
French government put the matter a little more starkly 
"France is being forced by the imperative of foreign trade to 
compete in a race over which it has no control " 35 

There are two dimensions to this international race The first 
is the competition to stay in the vanguard of the technology 
behind the construction of integrated circuits. And the second 
is the competition to use microelectronics in goods and indus- 
trial processes in order to boost productivity. 

The benefits of keeping abreast of the technology are in one 
sense obvious — there is a $10 billion global market in microe- 
lectronic components, but there are also hidden advantages in 
the cross-fertilization between designers and users of microe- 
lectronics. The United States has long dominated the develop- 
ment and marketing of microelectronic technology. Virtually 
all the early innovations were made in the U.S by a handful 
of companies that were established in the sixties with a few 
million dollars of venture capital apiece. These initial invest- 
ments have since been turned into annual turnovers of hur 
dreds of millions of dollars. These small innovative companies 
eclipsed the big electronics conglomerates such as RCA and 
Westinghouse by moving rapidly into the commercial produc- 
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tion of each new technological breakthrough Today, the bulk 
of integrated circuits produced in the United States is still 
made by semiconductor companies that specialize in the man- 
ufacture of microelectronic components and market them to 
manufacturers of electronic equipment In the past few years, 
however, several of these companies have been taken over by 
large corporations that have come up with the capital needed 
to finance the costly expansion of production lines.* 6 

United States companies held about 70 percent of the world 
market for microelectronics components in 1979, but rapid 
technological advances by Japanese companies are beginning 
to thicatcn American hegemony in some areas The Japanese 
recogni/cd in the early seventies that microelectronics and 
computer technology would be a cornerstone of industrial 
progress in the coming decades, and a government-sponsored 
effort was launched to foster a domestic microelectronics in- 
dustry This effort has met with considerable success in several 
areas Japanese companies in the late seventies produced about 
40 percent of the world market for the most sophisticated 
computer-memory circuit, and they launched the next genera- 
tion of memory chips at the same time as their American 
competitors In this area, they are now regarded as being at 
least on a par with companies in the United States 

While American and Japanese firms have been racing ahead 
with development of the technology, European microelectron- 
ics has been lagging European companies produced less than 
onc-third of the integrated circuits used by European industry, 
and they are expected to remain dependent on American and 
Japanese suppliers for some tunc to come Several European 
governments have* however, recently taken steps to foster do- 
mestic microelectronics development These include the estab- 
lishment in Britain of a company called Inmos, with $120 
million of public funds to produce state-of-the-art integrated 
circuits * 8 

As for the race to incorporate microelectronic technology 
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into products and processes, again, the United States holds a 
lead but Japan is moving up fast American companies use 
about half of the integrated circuits produced worldwide, 
which is partly a reflection of the fact that American computer 
companies— the largest useis of microelectronics— have a 
commanding position ii the world market In other areas too, 
such as consumer electronics, industrial control equipment, 
and office machinery , American companies have moved rapidly 
to incorporate microelectronics into their products 

But, according to a report by the Organisation for Economic 
Cooperation and Development, "Japan is undoubtedly the 
country with the most consistent medium- and long-term pro- 
gramme for industrial electronics, ranging from components 
through automated control systems, to capital goods " Japan 
already boasts at least half the world's working robots, and a 
vigorous program supported by the Ministry of International 
Trade and Industry is racing to develop new industrial automa- 
tion techniques V) 

European governments are also sponsoring ambitious pro- 
grams to encourage their domestic industries to adopt new 
microelectronic technologies According to one estimate, all 
told. European governments have launched programs that will 
entail expenditures of about Si billion to stimulate the domes- 
tic production and use of microelectronics 40 

International economic competition is thus working strongly 
to push the development and application of this new technol- 
ogy During the next few decades, it will become pervasive, and 
its social impacts are Iikel\ to be equally far-reaching 

Biotechnology. A Xew Source of Growth** 

October 14, 1980 was a historic day on Wall Street A small 
genetic engineering company called Cenentech, which had yet 
to put a product on the market, broke all records when it 
offered its stock to the public for the first time The price per 
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share soared from $35 to $89 in a matter of minutes, making 
it the hottest new company to go public for decades It was, 
according to the Wall Street Journal, "the most striking price 
explosion of a new .stock within memory of most stockbro- 



This intense financial interest in genetic engineering reflects 
the extraordinary promise of a rash of biological technologies 
that have been developed over the past few years Collectively 
known as biotechnology, the new field, according to its boost- 
ers, could lead to improvements in agricultural productivity, 
novel ways to manufacture chemicals and drugs, and new 
routes to the development of renewable energy resources If 
the promises become reality, biotechnology could be every bit 
as sweeping in its economic and social impacts as microelec- 
tronics That, at least, is the feeling of the Commission of the 
Kuropean Communities, which suggested in a recent study 
that "biotechnology could establish itself as the driving force 
of new-found growth over the coming decades " 42 

So far, much of the biotechnology boom remains a matter 
of speculation, but the development of the technology today 
resembles that of microelectronics a decade ago. Cenentech 
and a handful of other small companies, established with ven- 
ture capital as seed money, arc pioneering in the development 
of biotechnology It is also attracting attention and cash from 
some of the world's largest corporations, including Standard 
Oil of California, Hoechst, the International Nickel Company, 
Imperial Chemical Industries, DuPont, Monsanto, Aetna In- 
surance, and Lubri/ol In addition, the British and French 
governments have launched biotechnology companies with in- 
jections of public funds This immense industrial might is 
pushing the technology along at an astonishing paee 4 ^ 

Biotechnology encompasses many things In broad terms, it 
is the use of organisms and cells to produce a variety of pro- 
ducts and to carry out a broad range of tasks It is not exactly 
novel people have been using biotechnology for centuries in 
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the making of leavened bread and in the fermentation of vege- 
table matter to produce beer, wine, and other alcoholic bever- 
ages And in the past few decades, microorganisms have been 
put to increasing use in such areas as sewage treatment and the 
production of antibiotic drugs But some key scientific ad- 
vances in the early seventies have laid the basis for a vast 
expansion of biotechnology In essence, these advances permit 
scientists ta manipulate cells and organisms m a precise man- 
ner, causing them to manufacture substances that thev would 
not normally produce and enhancing their capacity to perform 
important biological functions 

Just as the historv of microelectronics can be traced back 
three decades to the development of the transistor, the new 
^technology steins from the discover) in 1953 of the nature 
( DNA, the immensely complex molecules that contain an 
< rganisni's genetic program Building upon tins discoverv, ad- 
vances in genetics and allied biological sciences have led to a 
deeper understanding of the functioning of living things In 
1977 two decades after the structure of DNA was worked out, 
scici ists at Stanford University and the University of Califor- 
nia developed a powerful technique for manipulating this ge 
nctic material The technique is the key to many of the poten- 
tial applications of biotechnnlogv 

In essence, the technique, known as recombinant DNA or 
gene splicing, enables scientists to take genes from one orga- 
nism and splice them into the DNA of another Among other 
things, this mav permit human genes that govern the natural 
production in the bock of compounds such as insulin, inter- 
feron, and growth hormone to be incorporated into bacteria, 
which would then be induced to manufacture the compound 
In effect, the genetically engineered bacteria would become 
tmv, living, chemical factories 

There are, however, delicate scientific problems involved 111 
this procedure As science writer Nicholas Wade explain* 
'Though the technique was invented seven vcars ago, biolo- 
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gists are only now working out the nuts and bolts of a commer- 
cially viable process The gene of interest, that for human 
interferon, say, has first to be fished out of a cell possessing 
some 100,000 other genes. Other sequences of DNA must be 
attached to it which signal the bacterium's protein-making 
machinery to manufacture the gene's product in commercially 
significant quantities " 44 

Nevertheless, many of the problems have been overcome 
and it is expected that several companies will be marketing 
bacterially-produced insulin and interferon in the early eigh- 
ties Both are likely to be big money-spinners. Insulin is ex- 
tremely difficult and expensive to produce by conventional 
means, and the bacterial route to its production offers a 
cheaper and simpler alternative Intefcron, a compound that 
destroys viruses and which may have a role in cancer therapy, 
is predicted to have a potential market of about $3 billion by 
the mid-eighties 4S 

Lucrative though these applications of genetic engineering 
may be, they represent only a tiny fraction of the potential 
fruits of this new technology Using gene splicing and other 
biological techniques developed in the past few years, scientists 
are working on novel approaches to the production of vaccines 
against diseases such as malaria, hepatitis, and hoof and mouth 
disease Research into these areas is already well along in sev- 
eral university laboratories and the commercial potential has 
not been lost on some of the small genetic engineering compa- 
nies, which are also pursuing the technologies 

Although these applications of biotechnology have received 
most of the attention, developments outside the pharmaceuti- 
cal industry are likely to be more far reaching As a chemical 
trade publication has noted, "The revolution in applied biology 
has spread far beyond drugmaking It is advancing into 
agriculture, forestry, energy, chemical feedstocks, and other 
areas that provide the chemical process industries with materi- 
als or markets * 46 
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The production of alcohol fuels from biomass is one area 
that is receiving a good deal of attention from several commer- 
cial enterprises Ethanol is currently produced in an age-old 
process in which yeast is used to break down sugars derived 
from plant materials Crops such as sugar cane, sugar beets, and 
sweet sorghum yield fermentable sugars when they arc crushed, 
but starchy products such as corn and cassava must first be 
heated and treated with acids and cn/ymcs before they can be 
fermented, a process that increases costs and requires energy 
However, research at several universities and some commercial 
enterprises is attempting to produce yeast strains that will be 
able to convert starch directly into alcohol. Another project, 
under way at the Cenex Corporation, a small biotechnology 
company in Maryland, is aimed at the development of a mi- 
croorganism that will convert sugar to alcohol at high tempera- 
tures, which would enable the alcohol to be distilled off as soon 
as it is manufactured Although some of these processes involve 
formidable problems that have yet to be worked out, they are 
far from being consigned to the distant realm of science fiction 
in October 1980, the National Distillers and Chemical Corpo- 
ration announced plans to construct a Si 00 million facility to 
produce fuel alcohol using genetically engineered yeast strains 
developed bv the Cetus Corporation in Berkeley, California 4 " 

As well as produc ing energy from renewable resources, bi- 
otechnology may also lead to substantial cnergv savings in the 
production of chemicals and other industrial produc ts Leslie 
Click, president of Cenex, has pinpointed a range of organic 
chemicals, worth more than Si: billion in 1979 prices, which 
he believes are hkelv to be produced by genetically engineered 
bacteria in the relatively near future using processes that are 
cheaper and less energy-intensive than traditional production 
methods Cetus, for example, has been negotiating with Stan- 
dard Oil of California to begin a joint venture aimed at using 
biotechnology techniques to produce ma|or building blocks for 
petrochemicals and synthetic materials The new process 
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would work at room temperature and low pressures instead of 
the high temperatures and pressures now employed in the 
manufacture of these chemicals Peter Farley, president of 
Cetus, lias suggested that the new process will he "the first 
substantive case where uucrohiologv will take a shot at the 
heart of the chemical industry " 4tt 

It is in agriculture, however, that biotcchnolog} will proba- 
bly have u most important impacts An official at the US 
Department of Agriculture has called the new biotechnology 
"one of the most important areas for the growth of agriculture, 
if not the most important m the long term " 4f) Engineering 
crop plants to produce higher yields is as old as agriculture 
itself "Farmers have alwavs chosen seeds from their best plants 
tor the following year's crop, a process that selects the desirable 
genetic strains But in the past few decades, these time-hon- 
ored techniques have been greatly extended b> the develop- 
ment of new plant-breeding methods that have resulted in the 
production of higher vicldiug and disease-resistant varieties 
For example, the development of new rice strains, by cross- 
breeding dwarf varieties with high-vickling plants, resulted in 
a short, productive plant that does not fall over when the grain 
matures This is the basis of the Green Revolution in much of 
\sia 

These plant breeding techniques are slow and cumbersome, 
how cur It can take mam vears to crossbreed different varie- 
ties, grow them to maturity , and test them for resistance to 
plant diseases But in recent years, scientists have begun to 
cam out some of the breeding steps in test tubes md petri 
dishes, using techniques that may eventually speed up breeding 
processes and permit more precise selection of promising 
strains The basis ot these irw techniques is a method of 
grow mg entire plants from single cells or even from protoplasts, 
cells whose walls have been chemically removed 

These methods, known as tissue culture, result in geucticalk 
identical plants that can easih be screened for disease resist 
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ancc, adaptability to different soils, and so on Already Uni- 
lever, a multinational agribusiness corporation, has grown oil 
palms from cells taken from a particularly productive, disease- 
resistant plani and is testing them on a plantation m Malaysia 
In the same way, disease-resistant potato varieties have been 
grown from plant protoplasts Hugh Bollinger, a plant scientist 
who co-founded a sir.a!! biotechnology company in Utah, has 
called tissue culture "the botanical equivalent of the laser, in 
that there are more potential applications than originally con- 
ceived " In particular, he notes, the technique can be used for 
growing thousands of copies of endangered plant species — it 
has already been applied to a species of cactus that had almost 
become extinct in the United States — and it may offer a way 
to bring litfle-k«own plant species into rapid agricultural use 
"In a fraction of the time required to implement traditional 
breeding programs/' Bollinger notes, "plant materials can be 
produced and dispersed to other farmers for planting or to 
other nations for further research and development." 50 

Further down the road, scientists are hoping tc use gene- 
splicing techniques to equip crop plants with the ability to 
manufacture their own nitrogen fertilizers instead of relying on 
the application of energy-intensive synthetic fertilizers 
Leguminous plants such as peas and soybeans obtain nitrogen 
naturally from bacteria that live in nodules on their roots 
These organisms "fix" nitrogen from the atmosphere as part of 
their normal metabolic processes, and the plant uses the nitro- 
gen compounds in its own growth processes. This p . ~^ess does 
not occur in cereals and other important food crops, however, 
and thus a good deal of research is aimed at trying to adapt it 
to those species. 

One line of research seeks to isolate the genes responsible for 
fixing nitrogen in the root bacteria of leguminous plants and 
transplant them into the cells of other plants. The result, it is 
hoped, would be a plant that could synthesize its own nitrogen 
compounds directly from the atmosphere, There are, however, 
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enormous scientific problems involved in this procedure, and * 
even if it could be accomplished, the result may not be too 
useful such genetically engineered plants may have to divert 
so much of their metabolic energy into making nitrogen fertil- 
izers that there would be little left over to make the desired 
fruit or grains 

Potentially more promising is research directed toward im- 
proving the nitrogen-fixing ability of existing bacteria, a devel- 
opment that should lead to increased yields from leguminop* 
plants Eventually, it may also be possible to transfer the nitro- 
gen-fixing genes from bacteria associated with legumes to other 
strains of bacteria known to exist in the roots of cereal crops. 
If successful, such a development may make fixed nitrogen 
available to such crops without the plants themselves having to 
use their own energy in its synthesis 

The chief impact of the new biotechnology techniques so far 
is to provide scientists with enormously powerful tools for basic 
research, which are -leading to a far deeper understanding of 
the molecular workings of plants and animals For example, 
scientists are only now beginning to understand the complex 
processes bv which plants convert solar energy into plant tis- 
sues, and there is as vet only a hazy knowledge of what causes 
genes to "switch on and off" as they manufacture proteins As 
these and other biological processes become better understood, 
new applications for biotechnology are likely to emerge 

Many of these applications remain highly speculative, but 
they will not be unmixed blessings even if they do become 
reality For one thing, there may be environmental hazards 
associated with the genetic engineering of bacteria and other 
microorganisms The possibility that modified microbes could 
have unpredictable and perhaps hazardous properties led a 
group of scientists to call for a suspension of gene-splicing 
experiments in the early seventies, for example As Jonathan 
King, a researcher at Massachusetts Institute of Technology 
has pointed out, such "biological pollution is qualitatively diff- 
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ercnt from other forms of pollution such as heavy metals, oil, 
and synthetic chemicals Organisms reproduce themselves and 
cannot easily be removed from the ecosystem " Experience 
during the past few years has diminished such fears, however, 
and some of the safety precautions that researchers were 
obliged to follow in government-funded experiments have 
been relaxed The fears have not been dismissed entirely, how- 
ever 51 

The rapid commercialization of this technology is also creat- 
ing stresses and strains in some university laboratories, for 
research that would normally be conducted in the open is now 
being shrouded in secrecy in case it may be patentable. This 
change in the usual methods of scientific collaboration is also 
hampering the traditional free exchange of materials and cell 
cultures among researchers, according to some reports More- 
over, since many of the small companies that have been started 
in recent years are based on research findings obtained from 
ptlWicly funded experiments, there are difficult ethical ques- 
tions to be raised about the use of knowledge derived from 
taxpayers' funds for private commercial gain. 52 

Nevertheless, it is clear that recent advances in biological 
technology are laying the basis for far-reaching changes across 
a broad range of industries The way that this technology is 
developed and applied will clearly have sweeping social and 
economic consequences 

Technology and Jobs 

Although the traditional industries such as automobiles, 
steel, and chemicals will continue to play leading roles in the 
world economy in the eighties and beyond, new technologies 
will undoubtedly have a fundamental impact on employment 
Not only arc they likely to affect the numbers of jobs available, 
but they are also likely to influence the types of jobs, the levels 
of skill required, and the quality of worklife 
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Technological change has always played a major role in 
changing patterns of employment and the organization of 
work. For example, the technological innovations of the post- 
war years have been part and parcel of the deep structural 
changes that have taken place in the industrial labor force. 

This impact is especially prominent in agriculture, where a 
combination of technological changes and economic pressures 
has led to a sharp reduction in the agricultural work force in 
the developed world In even' major western industrial country, 
the agricultural labor force now represents icss than 10 percent 
of the working population; in the United States and Bn in, 
the proportion is below 4 percent. However, while the number 
of agricultural workers has decreased, output has generally risen 
substantially — a phenomenon that has been dubbed "jobless 
growth M Now there are indications that in many parts of the 
world jobless growth is occurring in manufacturing industries 
as well 53 

According to studies by the Science Policy Research Unit in 
Britain, employment in manufacturing industries in most west- 
cm industrial countries rose steadily in the fifties, began to tail 
off in the sixties, and declined in the seventies At the same 
time, output, while fluctuating in tune with recessions, has 
increased 'The phenomenon of jobless growth has now be- 
come established in the goods producing sectors of the ad 
vanced industrial countries paused mainly through technologi- 
cal change," the study suggests Underlying this trend is the 
fact that investment in new production technologies has 
largely sought to rationalize and streamline production pro- 
cesses rather than to expand output at a time of depressed 
demand and high wage rates This was especially true of invest- 
ments 111 new automobile manufacturing technologies in Brit 
am and the United States during the late seventies 54 

While these job and investment patterns have been develop- 
ing, employment in the tertiary sector of the economy- 
finance, insurance, government, services, and so on — has been 
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expanding rapidly (See Table 4 1 ) In the United States, for 
example, 92 percent of the new jobs created between 196b and 
1973 were in tins sector, and in every major industrial country 
the tertiary sector now accounts for at least half the labor 
force 55 It is important to note that it is increased productivity 
in the manufacturing industries that has created the economic 
growth that in turn has led to the increased demand for the 
services of the tertian' sector 

This employment transition from agnculture to industry, 
and more recently to the tertiary sector, has not been smooth 
or even. Sum': industries have continued to expand their em- 
ployment, while others, such as steel and textiles, have con- 
tracted W ithin the service sector, too, growth rates have been 
highly uneven, with sharp increases in government employ- 
ment in most countries and steady gains until recently in bank- 
ing, insurance, and similar occupations 

Technology is not the only factor at work behind these 
trends During the seventies, the sharp rises in energy prices, 
high rates of inflation, and slow rates of productivity growth 
had deep and very obvious impacts on levels of employment 
By the end of the seventies, unemployment stood at more than 
six million in Kurope, about 6 percent of the American work 
force was out of work, and even in Japan, the official total of 
unemployed reached one million 56 These high unemployment 
totals arc in part due to policies designed to dampen demand 

Table 4 1 Average Annual Growth in Employment in OI\CD 
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in order to bring down rates of inflation Yeta return to high 
levels of demand for the products of some labor-intensive in- 
dustries, such as steel and shipbuilding, is considered unlikely 
even if inflationary pressures moderate, as the market for these 
products is reaching saturation 

This gloomy economic environment makes some aspects of 
technological change at once promising and threatening The 
development and application of microelectronics is a case in 
point On the one hand, it offers the prospect of enhanced 
productivity and the chance to revitalize some economic activi- 
ties But on the other hand, it threatens to aggravate unem- 
ployment in some industries and to reinforce the structural 
divisions that have been growing in the industrial countries 
during the past few years as youth unemployment has climbed 
to epidemic levels and joblessness among blue-collar workers in 
heavy industries has risen sharply 

Since most of the breakthroughs in microelectronics took 
place less than a decade ago, it is impossible to draw hard and 
fast conclusions about the specific impact on job levels as 
computer-controlled machinery moves into factories and 
offices and as the much-heralded information society takes 
shape It is even nunc difficult to predict the employment 
implications of the flowering of biotechnology, because few of 
its major applications have yet become commercially available 
Yet both will have positive and negative |ob impacts as they 
alter patterns of economic growth and productivity, and as they 
change the nature of established industries 

As far as microelectronics is concerned, it is clear that the 
technology will have a fundamental impact on the types of jobs 
and the skills needed in the labor force, as some jobs arc 
eliminated through automation and as others are created in 
new areas Whether the net change results in greater unem- 
ployment depends in large measure on overall rates of eco- 
nomic growth as well as on the spred with which labor-mtcn- 
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sive activities, such as the use of solar energy and conservation 
programs, are developed Nevertheless, microelectronics can 
be expected to intensify the trend toward jobless growth in 
many sectors 

In manufacturing industries, jobs will be created in the pro- 
duction of some electronic goods For example, the $4 billion 
now being lavished on electronic watches, calculators, games, 
and similar novel products has spawned a whole industry that 
did not even exist a decade ago But the total number of jobs 
created in the electronics industry may not be all that large, 
because as manufacturers incorporate microelectronics into 
their products in place of mechanical and electromechanical 
parts, their labor requirements often plummet For example, 
an American company, National Cash Register, noted in its 
1975 Annual Report that an electronic cash register requires 
only 25 percent as much labor to produce as its nonelectronic 
counterpart As a result, NCR reduced its workforce at plants 
in the United States and Europe during the late seventies at 
a time when overall sales expanded Telecommunications 
manufacturers in several countries also reported substantial 
reductions in their workforces as they switched from making 
electromechanical equipment to electronic products 57 - 

A survey of the world electronics industry conducted for the 
Organisation for Economic Cooperation and Development re- 
ported in 1979 that few major electronics com names expected 
to increase employment over the next few years, even though 
they anticipated strong sales The OECD committee noted 
"Electronics has dramatic growth prospects ahead in the next 
decade If this industry expects to achieve such growth with 
little or no increase in employment then the question may be 
asked where in the manufacturing sector is growth in 
employment to come 7 '* 58 

Many of the industries that have traditionally been leading 
employers, such as those producing automobiles, chemicals, 
appliances, and so on, are likely to use microprocessors and 
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computers to automate production lines. Some 200,000 jobs 
may disappear permanently in the US automobile industry in 
the eighties as computer-controlled machine tools and robots 
take over more and more tasks, and a similar number of jobs 
may be lost in textile manufacturing as automation spreads 
Already, newspaper printing jobs have been decimated in many 
plants as computerized typesetting has radically altered the 
nature of printing operations, and computerized assembly of 
television sets in Japan has eliminated thousands of jobs while 
boosting productivity. 59 

These developments are an extension of trends stretching 
back for several decades, in which productivity in manufactur- 
ing operations is enhanced by the substitution of machinery for 
people However, the increased production and incomes made 
possible by these technological changes have translated into 
higher demands for goods and services, and the number of jobs 
has a!so expanded, especially in the service industries The key 
question, therefore, is whether the number of jobs in the terti- 
ary sector will continue to expand to absorb the projected 
growth in the labor force There are two chief reasons why the 
answer could be negative. First, the number of jobs m govern- 
ment offices— an area of substantial enjoyment growth in 
recent years — may not expand much more because of demands 
in virtually every country to reduce public expenditure and to 
cut government payrolls. Second, most observers have pre- 
dicted that the most far-reaching impacts of microprocessors 
will, be felt in offices and in such service activities as retailing 
and maintenance work 

The use of computers and other intelligent machines will 
ledd to increased employment in some areas, it should be 
noted Computer programming, for example, is a labor-inten- 
sive activity that will be a likely source of many thousands of 
new jobs in the eighties Demand for programmers is already 
outstripping supply, and some analysts have even suggested 
that this shortage could constrain the growth in the use of 
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computers in the coming years But in most other areas of the 
tertiary sector, microelectronics is likely to lead to slower rates 
of employment growth or even to job losses. 60 

In areas spch as insurance and banking, which are labor- 
intensive occupations that rely primarily on printed paper for 
their transactions, the application of electronic technology 
could have a major impact. Already, growth in employment in 
these industries in Europe has begun to tail off, while their 
business continues to expand. Some observers are suggesting 
therefore that the jobless growth apparent in agriculture and 
manufacturing is now occurring in this sector. The most widely 
publicized of such projections was made m a report to the 
president of France, which warned that 30 percent of the jobs 
in the French banking and insurance industries could disap- 
pear during the eighties as more and more work is consigned 
to computers. 61 

The introduction of word processors, computers, and other 
intelligent business machines will not always cause job losses 
In many offices, the machines will be used to improve quality 
and upgrade services without displacing people But several 
studies have suggested that the widespread use of these ma- 
chines will ultimately lead to job losses in large numbers of 
offices. For example, a much-quoted, but unpublished, study by 
Siemens Corporation, a manufacturer of office equipment, has 
suggested that some 30 percent of office jobs in West Germany 
could be automated 62 

Outside the office, microelectronics is likely to affect em- 
ployment in service occupations ranging from stock handling 
to mail delivery. The ability to link cash registers to a central 
computer that monitors stock levels and automatically initiates 
reordering, for example, will reduce labor requirements in retail 
operations. As more and more messages are relayed electroni- 
cally between word processors and computers, a reduction in 
the amount of paper-based mail can be expected, and hence in 
the number of people needed to handle it. The increasing use 
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of microelectronic controls in products such as automobiles 
could change not only the types of maintenance jobs, but also 
the tools needed to carry them out A garage lacking highly 
sophisticated computerized diagnostic equipment, for exam- 
ple, is unlikely to be able to service a computer-controlled 
automobile. 6 * 

While it is difficult to determine just how many jobs will be 
lost or gained by the introduction of microelectronics, Clive 
Jenkins and Barrie Sherman, officials of a British white-collar 
trade union, have attempted to draw up estimates for specific 
industrial groups in Britain. Their overall conclusion is that 
over the next quarter-century, almost one-fourth of the jobs in 
the industries they surveyed are likely to disappear. About 5 
percent of them would be lost by 1983, they suggest. A more 
detailed examination of the probable impact of microelectron- 
ics on employment in an industrial region in Manchester, 
England, reached the conclusion that only about 2 percent of 
the jobs in the area would be lost by 1990 as a direct resuU of 
the use of microelectronic technology in both products and 
processes The authors of that study, which was conducted at 
the University of Manchester, warned, however, that "it is in 
the 1990s that the job losses due to microelectronics will really 
make themselves felt " 64 / 

Virtually every expert who ha> studied the employment im- 
pacts of technological change in general and of microelectron- 
ics in particular has argued, however, that job losses due to 
international competition will be much heavier in those coun- 
tries that do not move swiftly to adopt new production pro- 
cesses and to produce the latest products. The painful example 
of the Swiss watch industry, which lost 46,000 jobs in the 
mid-seventie* as consumers switched in droves to electronic 
timepieces made in the United States and Japan, is a case in 
point And the American automobile industry, which failed 
until the late seventies to adopt such energy-saving technolo- 
gies as front-wheel drive and lighter materials, provides another 
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indication of the consequences of technological backward- 
ness. 65 

Studies of the impact of technology on jobs have largely 
been concerned with aggregate £ains and losses; few have 
looked deeply into impacts on the types of jobs affected and 
on changes in the quality of worklife Yet these impacts are 
likely to be just as important as changes in the total number 
of jobs. A study conducted for the West German government 
shows just how sweeping the changes are likely to be in the 
coming years. The spread of microelectronics could lead to the 
loss of close to two million jobs in that country in the eighties, 
the study predicted, but if economic growth remains reason- 
ably strong, a similar number of jobs will be created in occupa- 
tions associated with computers. The net job impact will not 
be very great, but the )obs created would require very different 
skills from those that are lost. 66 

Technological change has always altered the mix of skills 
needed in the workforce, but the transition to the computer 
and information society is expected to involve an unprece 
dented range of jobs and skills. Already, there are signs of . 
mismatch in the skill levels available in the workforce and those 
required by the new technologies, with shortages of computer 
• programmers, people trained in the maintenance of electronic 
equipment, and similar workers, in the midst of near-record 
unemployment. Clearly, there will be an immense need for 
retraining in the years ahead. 

In Japan, retraining is largely the responsibility of industry 
In some selected industries, employees are given guarantees of 
lifetime employment, and workers displaced by automation are 
reassigned to new jobs and taught the skills needed to do them 
This system, incidentally, makes the social impacts of techno- 
logical change in those industries easier for workers to accept 
since they are guaranteed alternative employment, but it also 
gives the corporation a far greater Jegree of control over indi- 
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vidual workers than is usual in the West 

In most western countries, retraining is largely left to a 
mixture of government-sponsored programs and some industri- 
ally financed projects More concerted action by both govern- 
ment and industry is needed Even Business Week has chas- 
tised American industry for failing to recognize the importance 
of sponsoring more retraining efforts "Managers of U S indus- 
try have begun to realize that robots will take over an increasing 
number of assembly lines in the coming decade But they still 
think of this as a technological challenge They have not yet 
come to grips with the problems of retraining and reemploy- 
ment it will create," suggested an editorial m the magazine It 
added "U S industry cannot leave a retraining program of 
these dimensions to a public education system that is having 
trouble teaching simple English and elementary arithmetic " 67 

In addition to changing the numbers and types of jobs in 
industrial society, technological change can also have a major 
impact on the way work is organized and controlled This, in 
turn, has a central bearing on the quality of worklifc Technol- 
ogy has always played this role One of the most important 
features of the Industrial Revolution was the use of technology 
to orgam/c factory production in place of the old system of 
"putting out," in which artisans and rural workers supplied 
textiles, pottery, and other goods to the bankers and mer- 
chants, who provided the money and materials This system of 
cottage industries involved a scattered workforce that, in Dav id 
Landcs's apt phrase (cited in the first chapter), was not "broken 
to the inexorable demands of the clock" and which was not 
easily controlled by the bankers and merchants. "One can 
understand why the thoughts of employers turned to work- 
shops where the men would be brought together to labor under 
watchful overseers and to machines that would solve the short- 
age of manpower while curbing the insolence and dishonesty 
of the men," Landes writes 68 

Similarly, the development of mass production and the evo- 
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lution of the assembly line involved the use of technology to 
organize and rationalize workers in order to increase efficiency 
and reduce production costs One element in this rationaliza- 
tion process is increased control over people on the factory floor 
as they became consigned to more and more routine tasks that 
involve little initiative or independent action The guiding 
light behind early efforts to organize labor forces in a way that 
made them unthinking links in a larger process was Frederick 
Winslow Taylor, an American engineer who coined the term 
"scientific management " Taylor's ideas, as David Dickson has 
pointed out, involved breaking down each task into its compo- 
nent parts and then rearranging these tasks in the most "effi- 
cient" manner His thinking, Dickson writes, "launched a fash- 
ion for industrial' engineering, particularly in the United 
Kingdom and the U S , between 1910 and 1930, resulting in 
techniques that have since become an essential part of indus- 
trial processes almost everywhere. In particular, what we now 
know as automation' is conceptually a logical extension of 
Taylor's scientific management " And the impacts of scientific 
management were not limited to the capitalist countries of the 
West Lenin wrote in 1918 that "we must organize in Russia 
the study and teaching of the Taylor system and systematical!) 
try it out and adopt it to our own ends " 69 

The spreading use of microprocessors and computerized ma- 
chinery threatens to carry this process even further in some 
applications, increasing the supervision of workers and further 
reducing their scope for independent thought and action In 
some automobile plants, for example, computers not only con- 
trol machines, but in many cases, they are also used to control 
the speed of the production lines and to monitor the output 
of workers Harlcy Shaiken, a former consultant to the United 
Auto Workers and now a fellow at the Massachusetts Institute 
of Technology, describes an automobile plant in which a com- 
puter-controlled assembly line had been installed 'The system 
links a large central computer to a microprocessor on a ma- 
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chine When the machine cycles, it is recorded in [the] central 
computer When a machine doesn't produce a part in its 
allotted time, it is immediately obvious to more than the com- 
puter 1 that information is displayed in the foreman's office and 
recorded on a computer printout " Under this system, Shaiken 
states, "the foreman no longer decides to discipline the work- 
ers He merely carries out the automatic' decisions of the 
system " 70 

The telecommunications system has also seen major changes 
in working conditions in the past few years, as computerized 
switching systems replace older electromechanical exchanges 
and as computerized terminals are increasingly employed in 
the transmission and processing of information These changes 
ha\c had a fundamental impact on the jobs of telephone work- 
ers who operate and manage the system Robert Howard, 
a writer who has studied the impact of these changes on 
the telecommunications workforce suggests that "the experi- 
ences that telephone workers described would have been fa- 
miliar to the early mechanics and craftsmen in the American 
automobile industry traditional skills made obsolete by new 
technology, jobs fragmented and downgraded to lower pay, 
work reorganized and rigidly centralized, workers subjected 
to automatic pacing and monitoring, o\crsnpervision, and 
job-induced psychological stress Like the shift from craft to 
mass production in the auto industry, new technology in 
telecommunications has eroded workers' sense of control 
over their work lives " 71 

As computerized machinery becomes more and more com- 
mon in offices, it is likely to lead to changes in the patterns of 
clerical work, with jobs broken down into parts and work 
routed in a way that results in maximum efficiency It will be 
possible, moreover, for managers to monitor more closely the 
output of workers — indeed, an advertisement in the United 
States for a business computer makes much of the fact that a 
sales manager can call up an instant analysis showing which 
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members of his sales force are performing above or below 
average 

There is no immutable reason why technological change 
should occur in a way that degrades the quality of worklifc But 
as long as the decisions about the development ?nd mtroduc- 
tion of new technology are left solely in the hands of managers, 
with little or no input from workers, new technologies are likeh 
to increase the hierarchical control of factories and office* 
Greater industrial democracy and sharing of decision making 
arc required to ensure that new technologies are not introduced 
\i a way that degrades jobs and de-skills workers (See Chapter 
6) 

The growing international competition among the industrial 
countries, together with increasing penetration of markets in 
the rich countries by producers from the Third World, have 
increased the pressures for technological change I hesc pres- 
sures make it inevitable that new technologies will be devel- 
oped and applied as swiftly as possible, to push the industrial 
economies further along the scale of technological advance 
The nostalgic hope seems to be that the introduction of new 
technologies will lead the way back to the golden days of the 
postwar era, when the world economy expanded at a rate that 
provided a high demand for goods and services, which in turn 
created millions of r~w jobs Such a development is at best 
unlikely 

In the fifties and sixties, when there was a felicitous combi- 
nation of rapid technological change and unprecedented eco- 
nomic growth, the industrial countries were competing for a 
slice of a rapidly expanding world market. Now they are com- 
peting for a slice of ? nxurh more constrained market In short, 
this means that modernization of domestic industries will be 
essential to preserve their ability to compete in international 
markets, but it will not necessarily lead to a major expansion 
of overall market si; e This suggests that Luddite resistance to 
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new technology will ultimately be counterproductive, for fail- 
ure to adopt new technology courts the risk of massive job 
losses as domestic industries decline However, adoption of the 
new technologies will bring sweeping changes in the organiza- 
tion of work and in the types of skills needed in industrial 
society This is the new reality that faces industrial and social 
policy in the years to come 
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I he world's economic and technological systems are not 
working well for either rich or poor countries. The economic 
problems, mounting energy bills, and rising unemployment 
levels that have plagued the industrial world in the past decade 
have affected the developing world even mort deeply For rich 
and poor countries alike, the upheavals of the sevefities have 
called into question many of the policies and programs that 
guided economic and technological development during the 
postwai* period 

The global economic dislocations of the past decade have 
also tightened the web of interdependence between rich and 
poor countries, bringing to the surface a host of international 
political, economic, and technological issues Industrial coun- 
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tries are critically dependent on oil and raw materials from the 
developing world to fuel their technological systems. Develop- 
ing countries, as well as many industrial nations, rely on North 
American wheat and corn for a growing proportion of their 
food needs Corporations m the rich countries increasingly 
count on buyers in the poor countries to boost their sales or 
technology and manufactured goods And manufacturers in 
the developing countries depend on markets in the industrial 
North to sustain their economic growth 

This growing interdependence means that the economic 
fortunes of the developing countries are intimately tied tc 
those of the industrial world, and vice versa The problems 
confronting one region of the world cannot be seen in isolation, 
for their implications extend around the globe For example, 
overconsuniption of energy and rawmaterials by the industrial 
countries drives up prices for everybody, rich and poor alike 
And the growth in the number of people living in absolute 
poverty in the developing countries not only threatens world 
peace but it also depresses global economic advancement when 
the productive capacities of hundreds of millions of people arc 
underemployed 

Virtually all the problems confronting the developing coun- 
tries, and most of the issues that have suihced m international 
economic relations, have critical technological components As 
the seventies progressed, it became increasingly clear that fun- 
damental changes were arid still are needed m the terms gov- 
erning the transfer of technologies among countries, in the bal 
ance of technological power in the world, and in the types of 
technology that arc generated and applied m differed ; iiintncs 

The Technological World Order 

Technological relationships between rich and poor onimncs 
rest on two central facts First, virtuallv all the development of 
modern technology takes place in a handful of industrial coun- 
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tries, which possess the bulk of the world's research and devel- 
opment capacity and employ most of its scientists and engi- 
neers. Some of this technology is transferred through a variety 
of channels across national borders, but the imbalance in tech- 
nological capacity means that the flow between rich and poor 
countries is almost all one-way Second, the overwhelming 
majority of the world's technology is developed and owned by 
private corporations. Their ownership is protected by legal 
arrangements such as patents and trademarks and by industrial 
secrecy, which govern the terms under which technology is 
transferred around the world 

Throughout much of the postwar period the global imbal- 
ance in technological capacity was not generally regarded as 
being detrimental to the developing countries II was widely 
assumed that the developing countries could bypass some of 
the costs of generating technology themselves by buying it 
intact from the industrial world The central theme in develop- 
ment planning was thus to maximize the flow of technology 
from rich to poor countries in order to boost industrial and 
agricultural output Technology was essentially perceived as a 
neutral input into economic growth 

Technology is transferred across national borders in many 
different ways By far the most prominent disseminators of 
technology are multinational corporations They transfer in- 
dustrial technology by establishing manufacturing plants in 
foreign countries to produce goods for local markets or for 
export, they enter into joint ventures with domestic firms that 
often involve agreements to use patented technology or trade- 
marks under license and sometimes sell the rights to exploit 
their technologies to unaffiliated foreign enterprises. Multina- 
tional corporations do most of their business in i!ie industrial 
countries, but their investments and licensing arrangements in 
developing countries are a leading source of technology flow 
from rich to poor countries— and a leading focus of interna- 
tional debate 1 
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Technology is also transferred in less obvious ways There 
has been a vast expansion of the work of international consult- 
ants in the past few decades. They advise foreign corporations 
and governments in their economic planning, and often help 
determine the choice and suppliers of technology in develop- 
ment projects. Similar roles are played in multinational and 
bilateral aid agencies, which help to transfer technology by 
sending scientists and engineers from the industrial countries^ 
to work on technology assistance projects in the developing 
world. And finally, a good deal of technology is transferred 
indirectly through the education in colleges and universities in 
the industrial countries of scientists and engineers who then 
return to their home countries. Many, however, decide to stay 
on in the industrial countries, as part of the well-known brain 
drain 

As these technological channels were opened and expanded 
in the postwa. era, the developing countries saw their overall 
rates of economic growth rise sharply. In the three decades 
following World War II, their growth performance out- 
stripped that of the industrial countries by a substantial mar- 
gin, and some sectors of their economies went through funda- 
mental technological changes But as the seventies progressed, 
it becam? apparent that some of the anticipated benefits had 
not materialized, and new problems arose The number of 
people living in absolute poverty increased in spite of the im- 
pressive economic expansion In some of the fastest-growing 
countries, agricultural output failed to keep pace with rising 
demand for food, and grain imports rose sharply Oil-importing 
developing countries saw their combined oil bills climb fron 
just $2 billion in J972 to $47 billion in 1980 And as the world 
economy tightened, developing countries experienced increas- 
ing difficulty in expanding their exports to the industrial 
world 2 

These problems have prompted a searching inquiry into the 
assumptions behind the postwar models of economic devclop- 
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mcnt, and they have provoked a long-running debate about 
technological change and the distribution of benefits, both 
within an)d among countries In particular, it has become clear 
that there are many costs as well as benefits in the transfer of 
technology from rich to poor countries 3 

Because of their central role in disseminating commercial 
technologies around the world, multinational corporations 
have been the focus of much of this debate Corporations 
invest in developing countries and transfer technology across 
national boundaries for two chief reasons to make a profit for 
their shareholders and to gain access to vital materials As 
Professor Harry )ohnson has pointed out, a multinational cor- 
poration "is a competitive profit-seeking institution, not a gov- 
ernment with the powers of taxation, and therefore it cannot 
be expected to assume the responsibility for promoting devel- 
opment in the same way as a development plan undertakes that 
responsibility " The goals of corporations and the needs of the 
countries in which they invest may thus not always be consist- 
ent 4 

Multinational corporations can supply the technology, skills, 
and capital that many governments of developing countries 
need for their industrialization plans But the transfer of tech- 
nology through direct investment licensing, and other chan- 
nels often comes at a high price In particular, many studies 
have documented instances of overcharging for products and 
sen ices, restrictions on the use of the transferred technology, 
and avoidance of taxes through the manipulation of financial 
flows— not to mention instances of bribery', corruption, and 
interference in domestic politics, such as the overthrow of the 
Allcnde regime in Chile Less direct costs arise from t;hc tech- 
nological dependence created by the transfer of sophisticated 
technology that require continued imports of spare parts and 
by the failure to build up the technical skills needed to service 
imported technologies and to develop a domestic capacity for 
technological innovation 5 
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These high costs of technology transfer have received ex- 
haustive examination in the past decade from numerous na- 
tional and international bodies Throughout much of the sev- 
enties, for example, negotiations were conducted at the United 
Nations Conference on Trade and Development (UNCTAD) 
to develop a binding code of conduct for the operations of 
multinational corporations, but little agreement was reached 
At the same time, talks aimed at reforming the International 
Paris Convention governing patents, trademarks, and indus- 
trial property dragged on. The developing countries pointed 
out in these talks that about 90 percent of the patents granted 
in developing countries were awarded to foreigners and less 
than 10 percent of these patents were used. This suggests that 
corporations take out patents in developing countries primarily 
to preclude others from using their technologies It is, perhaps, 
not surprising that these negotiations have made little head- 
way, for they are focused on some of the most complex and 
difficult issues in international economic relations. 6 

While these talks and studies were taking place, subtle shifts 
occurred in the balance of power between some developing 
countries anjd multinational corporations, as some countries 
began to bu^d up a capacity for bargaining for better terms for 
the transfer of technology 

Ronald Muller, a political economist who has long been a 
critic of tlic multinationals, argues in his book Revitalizing 
America that "the once-lopsided relationship between the cor- 
porations and Third World nations is slowly becoming more 
balanced as the governments of those nations acquire new 
wealth, power, and sophistication " J wo developments are 
chiefly responsible for this shift, Muller argues. The first is the 
fact that American domination in multinational private invest- 
ment has given way during the past decade to a more competi- 
tive environment, as Japanese and European multinationals 
have stepped up their foreign operations and as some Third 
World multinationals also have entered the scene. This devel- 
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opment has enabled some Third World governments to play 
the multinationals off against each other to gain increased 
concessions China, for example, shopped around extensively 
for the technology it needed to support its "four moderniza- 
tions" program, buying from a variety of corporations in the 
United Slates, Europe, and Japan 7 

The second factor that has begun to alter the balance of 
power between Third World governments and the multina- 
tionals is the corporations' "ra^irious need for raw materials, 
labor, and new markets," Muller states "What was once a 
David and Goliath contest is being transformed as Third 
World nations load their slingshots with vital minerals, mar- 
kets, and new political and economic sophistication " Nowhere 
is this trend more obvious than in the politics of oil, for most 
oil-exporting countries have now taken over much of the busi- 
ness of extracting oil and are rapidly developing their own 
capabilities for refining it as well These nations have acquired 
the technology from the oil companies in exchange for agree- 
ments that allow the companies continued access to oil sup- 
plies 

The growing economic interdependence between rich and 
poor countries is thus beginning to alter some of the relation- 
ships between countries and corporations. The problems have 
certainly not all been removed, but at least there are signs of 
progress. Multinational corporate investment is, however, only 
one aspect of technological development in the Third World 
Only a handful of countries are recipients of the bulk of these 
investments, and even m most of those countries, the invest- 
ments often benefit only a small fraction of the population 

Seeded. One Billion lobs 

Behind the impressive figures on economic growth in the 
developing countries lurks a variety of disquieting facts These 
economic achievements were mostly limited to a few develop- 
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ing countries, and in many of those, the benefits of grcHvth had 
not trickled down to the poorest people. By the end^0 the 
seventies, according to the World Bank, some 800 million 
people were living in absolute poverty, unable to meet tn^ir 
basic needs for food, shelter, education, and health care 8 

Economic growth is clearly needed if developing countries 
are to tackle the immense task of reducing levels of poverty, 
but growth alone will not be sufficient. One reason why poverty 
levels have remained high, and why they will be difficult to 
reduce, can be found in the combination of rapidly swelling 
labor forces and the rising cost of providing jobs with modern 
production technologies. A job shortage of colossal proportions 
has been building up in the developing countries Until re- 
cently it has received little public attention, yet it lies at the 
heart of much of the poverty in the developing world. 

The dimensions of the unemployment problem are notori- 
ously difficult to measure, because few people am afford to be 
"unemployed/' in the western sense of the term, in countries 
that lack unemployment and welfare services. The poor must 
support themselves with whatever work they can pick up That 
means casual laboring, street peddling, shining shoes, and simi- 
lar marginal occupations that pay little and are barely produc- 
tive. Such underemployment represents a vast waste of human 
resources. According to an estimate by the International Labor 
Office, nearly 300 million people in the Third World — more 
than three times the number who have jobs in the United 
States — were barely eking out a living in marginal occupations 
in the mid-seventies. 9 

The seventy of the underemployment problem differs subs- 
tantially from country to country In some, such as the People's 
Republic of China and Taiwan — countries at opposite ends of 
the political spectrum — employment of some kind is available 
for virtually the entire labor force, while on the Indian subcon- 
tinent underemployment is already rampant and the labor 
force is swelling by more than 100,000 people a week Even in 
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Brazil, which boasted exceptionally high rates of economic 
growth during the sixties, at least 30 percent of the labor force 
was reckoned to be underemployed in the early seventies 10 

In part a result of population growth during the past few 
decades, massive underemployment in the developing world 
has been a long time in the making It will take even longer 
to abate. During the first three or four decades of the twentieth 
century, the developing countries' labor force grew by less than 
j percent a year, but the growth rate has accelerated 111 the 
postwar years as unprecedented numbers of young men and 
women have reached employment age About 200 million peo- 
ple were added to the Third World's labor force in the seven- 
ties, and an additional 700 million arc expected to require 
employment by the turn of the century Although there have 
recently been signs that the world's population growth rate has 
begun to slacken a little, prospects for growth m the labor force 
in the near future will be affected little because most of those 
who will be looking for work in the next two decades have 
already been born 1 1 

The developing world thus faces the daunting challenge of 
finding productive employment for at least 35 million people 
a year in the next twenty years merely to keep pace with growth 
m the labor force Anything less is likely to widen the gulf 
between those who have productive jobs and those eking out 
a living on the fringes of the economy If at the same time 
productive employment is to be found for those who are al- 
ready grossly underemployed — a critical dimension of any 
effort to lift the incomes and the standard of living of the 
poorest people — about one billion jobs must be found in the 
developing countries by the year 2000 

Those figures provide the central reason why economic de- 
velopment programs based on modern pioduction technology 
alone cannot produce adequate social development The capi- 
tal-intensive, labor-saving, energy-consuming technologies that 
predominate in the industrial world make lavish use of the very 
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resources that are scarce and expensive in the developing coun- 
tries, and at the same time they fail to make the best use of 
the developing world's most abundant asset — people. Invest- 
ments in such technology do raise the productivity of a few 
workers and the gross national product consequently rises But 
this approach leaves little capital to aid small farmers, landless 
laborers, and small-scale manufacturers — producers who now 
constitute the overwhelming majority of the labor force in 
most developing countries. 

Investments in modern technologies have thus generally 
failed to provide sufficient jobs to keep pace with growth in 
labor forces in most Third "World countries. As a result, un- 
deremployment has risen and urban migration has accelerated 
as landless laborers and smallholders have left the countryside 
in a vain search for urban-based industrial jobs. And prospects 
for the rest of the century are grim if the same strategy is 
followed It now costs more than $20,000 in capital investment 
to establish a single workplace in industry in the United States, 
and modern industrial jobs are no cheaper to create in the 
developing world Thus, to provide one billion jobs through 
capital-intensive industrial expansion during the next two 
decades would require a truly staggering level of investment, to 
say nothing of the energy and raw materials that such a task 
would require 12 

But is there any alternative? After all, modern technologies 
are used in the industrial world because they are spectacularly 
efficient, and efficiency is an important consideration in devel- 
oping countries as well. The answer lies in the concept of 
efficiency In general, technologies are economically efficient if 
they blend together the factors of production— land, labor, 
capital, and raw materials — roughly in proportion to their cost 
and availability. Since those costs vary from country to country, 
different countries require different technologies— or at least 
different mixes of technology — to make the most efficient use 
of their resources A country that has a substantial part of its 
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labor force scratching out a bare living in marginal jobs will not 
make the most efficient use of its resources by encouraging the 
adoption of production technologies that require large capital 
expenditures but which employ few people There can, conse- 
quently, be no universal blueprint for an economically appro- 
priate technology. 

Such considerations should not lead to the blanket conclu- 
sion that all capital-intensive modern technologies are inappro- 
priate in developing countries Far from it Often, there may 
be no feasible alternative Imported modern technologies may 
offer significant advantages in the production of goods that arc 
essential for development- China, for example, depended on 
imported technology for fertilizer production to augment its 
use of natural fertilizers and its production from small-scale 
plants long before it began to import other ./estern technolo- 
gies And the use of capital-intensive technologies may be 
justified to speed up processes that lead to increased employ- 
ment in other sectors of the economy Access to modern tech- 
nology on equitable terms is thus an essential requirement for 
successful development 

Nevertheless, faced with chronic shortages of capital and 
foreign exchange and with rapidly swelling labor forces, most 
poor count need to find wavs to raise the productivity of 
large number of people with small expenditures per worker 
Economic growt! 's essential for generating the means to raise 
standards of living, but the crucial questions are who contrib- 
utes to economic expansion, and who benefits from \t 7 Or, to 
use Mahatma Gandhi's apt phrase, is it possible to achieve 
"production by the masses" rather than mass production by a 
few 7 

The question is becoming urgent, for unless economic poli- 
cies are adjusted to raise the productivity of those who are now 
on the fringes of the economy— and who have so far been left 
behind by the technological revolution— there will be little 
hope of tackling the twin problems of underemployment and 
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poverty. Particularly urgent is the need to generate productive 
employment in the countryside where most of the people live. 
Unless that can be achieved, urban migration, which is causing 
cities to double in size every ten to fifteen years, will condemn 
hundreds of millions of people to a bleak existence m the slums 
that now ring most urban centers- 
Ensuring that the rural and urban poor share in the fruits of 
economic growth will require shaping technologies to suit the 
needs of smallholders, and small-scale manufacturers But it 
will also require political and social reforms that will help bring 
technologies within reach of such producers 

Technology For the Small Producer 

In spite of rapid industrial growth in the urban centers of 
main developing countries during the past few decades, the 
vast majority of the people remain scattered across the country- 
side Some 50 percent of Latin America's population, 80 per- 
cent of the people in India and China, and 90 percent of the 
citi/ens of some African countries, live in the rural areas It is 
in the world's villages, therefore, that productive employment 
will be most urgently needed in the coming decades, and agri- 
culture, the chief livelihood of the bulk of humanity, will con- 
tinue to supply most of the jobs 

Yet the bulk of investments in most countries has been 
channeled into urban-based industries and the rural areas have 
been relatively neglected, an imbalance that has resulted in a 
substantial transfer of wealth from the countryside to the cities 
Moreover, in the countryside itself, smallholders, who consti- 
tute the majority of farmers throughout the third world, have 
received a disproportionately small share of the rural invest 
incnts 

There is a pressing need to raise agricultural production in 
virtually every developing country Though several successive 
bumper harvests temporarily removed reports of famine from 
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the headlines in the late seventies, the prospects fc* 'he re- 
mainder of .the century give lit tit reason fcr cxce&ivc opti- 
mism Sco-.cs of developing countries are already heavily de- 
pendent on ro< -mports to meet their domestic needs, and 
their tood urr ,t bills are ruing rapidly In 1980, according to 
World Bank estimates, the developing world as a whole im- 
ported $43 billion worth of food and beverages n 

The choice of technology^ raise food production can have 
widespread repercussions or. Employment and social equity m 
the rural areas That lesson his been learned the hard way in 
recent vcars Many countries have encouraged rapid agricul- 
tural mechanization by 'Subsidizing imports of tractors and 
making credit readily available for farmers who wan to buv 
machinery Such policies seem eminently reasonable, given the 
spectacular productivity of the American agricultural system, 
winch serves as a model for many developing countries But the 
results can he sociallv catastrophic Consider, for, example, a 
program dc\Mgr"d f " h >g the benefits of tractors to Pakistani 
tanners 

In an attempt to .disc agricultural production to feed its 
b» gcomng population the government of Pakistan in the late 
sixties sought and received a $43 million loan from the W orld 
Bank to import iS.ooo Luge tractors The machines were made 
available to large landholders o., generous credit terms The 
iuhnologv transfer seemed to work well farmers who bought 
tractors increased their output and incomes substantially But 
in the earlv seventies, both the Pakistani government and the 
\\ oriel Bank became concerned about the social impact of the 
program, and the Bank asked economist John Mclncrnev to 
conduct an investigation Mclnerneys findings are revealing, 
to sa\ the least 1 ♦ 

The superior power and speed of the tractors compared w.th 
the oven thev replaced enabled each fanner to cultivate a larger 
area On the average, Mclncrnev- found, the tracton#.cd farms 
moie than doubled in si/e. a development that forced main 
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smallholders and tenant farmers off their small plots The use 
of tractors, moreover, reduced the amount of hired labor em- 
ployed on the larger farms Labor requirements per acre 
dropped by about '40 percent, Mclnerney found, each tractor 
resulting in theHiet loss of about five jobs The chief aim of the 
program \jfas to increase agricultural production, but the trac- 
tors were found io have virtually no effect on crop yields or on 
the number of crops grown each year MJnerncy concluded 
that "the distribution of the benefits from f hc program has 
been biased in a way that many woukl r A as socially regres- 
si\c If the appropriate accounting pr« ^rts were as well 
defined and widelv accepted as financial piocedurcs they 
would surely show that the widespread introduction of tractors 
ift Pakistan agriculture, if it followed the course that was mani- 
fested in the past, would be a little short of a disaster to the 
economic and social fabric of the rural sector " 

On the other hand 7 that experience dops not necessarily 
indicate that tractors should al\*a\s be avoided 111 developing 
countries On the contrary, thOrc arc many cases in winch 
tractors are the most appropriate technology The negative 
social impact of tractors in Pakistan stemmed from the struc- 
ture of rural society 111 the country In common with main 
countries in Asia and I atm America, landholdmgs 111 Pakistan 
arc highly unequal, consisting of a few large spreads and mam 
small farms Large landholders have traditionally been the firs f 
to benefit from technolpgical change because they usually ha\c 
access to technical expertise and can secure the credit needed 
to pun base new technologies Smallholders, on the other hand, 
are oi .11 forced to rely for finance on local moneylenders who 
charge exorbitant rates of interest Consequently, irrigation, 
fertilizers, new seeds, and other yield-increasing technologies 
usually flow first t the richer farmers, a process that widens the 
gan V ween rich and pooi Moreover, the farmers who bought 
tractors 111 Pakistan were able to expand their holdings because 
sharecroppers lacked security of tenure In short, the mtroduc- 
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tion of tractors into the country reinforced existing rural 
inequities. 

Similar problems have been encou f ercd with the spread of 
so-called Green Revolution technologies in many regions The 
most widely heralded means of increasing crop yields during 
the past twe decades, the Green Revolution is based on the use 
of High-yielding varieties of wheat and rice that respond well 
to large doses of fertilizer The new seeds can produce at least 
double the yields of traditional varieties when used under the 
appropriate conditions The results have been dramatic Be- 
tween 1964 and 1969, thirteen m'lhon hectares were planted 
with high-yielding varieties in Asia, a development that added 
some sixteen million tons of gram to Asia's food supply- 
enough to feed ninety million people India doubledl its wheat 
crop between 1966 and 1972, a feat unmatched by any other 
large country More recently, China has greatly expanded its 
use of higli-yicidmg varieties, purchasing some twenty-three 
tons of Mexican seeds in the *rly seventies By 1977, more 
than 25 percent of China s wheat fields were sown with Mexi- 
can varieties 1S 

But this sweeping agricultural change has brought main 
problems in its wake Mthough high-yieidmg varieties work as 
well on small farms as on larrc holdings, they increase the costs 
and complexitv of production because they require additional 
use of fertilizers, pesticides, and often irrigation In countries 
such as Taiwan and Japan where egalitarian credit systems and 
technical assistance programs allow small farmers to purchase 
the necessary inputs and to make the best use of the new seeds, 
the Green Revolution has not aggravated inequities But in 
regions here small producers have difficulty in raising credit 
and where thev lack access to technical assistance, they are less 
able to take risks with the new technologies The Green Revo- 
lution, like the introduction of tractors, has thus tended to 
exacerbate existing rural inequities in main settings Moreover, 
although the Green Revolution has brought mucl.-needed in- 
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creases in food production, it has by no means eliminated 
malnutrition lnd»a, for example, had some twenty million tons 
of grain in storage in 1978, but millions of Indians were unable 
to afford sufficient food for an adequate diet The key to solving 
malnutrition will thus involve reducing poverty as well as in- 
creasing production, a task that will require increased attention 
to the needs of small farmers and the nurturing of productive, 
labor-intensive agricultural systems 16 

That is a far more difficult task than simply raising overall 
agricultural production by channeling resources to the biggest 
producers h will require structural changes in rural society 
such as the overhaul of credit institutions and land reforms, 
together with the introduction of technologies suitable for use 
on small farms and the integration or agriculture with local 
manufacturing Many development experts and some govern- 
ments m Third W orld countries have recently begun to advo- 
cate such a strategv but it requires a strong political commit- 
ment to overcome the vested interests that support current 
rural inequities l " 

Technologies designed L o benefit small fanners and small 
manufacturers are not necessarily sophisticated Indeed, 111 
most cases, application of existing knowledge and techniques, 
such as better use of organic fertilizers, land terracing, more 
efficient ox-carts, and the application of wind and water power, 
can raise productiv ity substantially and lav the basis for further 
development What is rcall\ needed is the institutional and 
social s t rue t tire to ensure that such technologies aie available 
to those who most need them the vast numbers of people who 
are now working at pitifully low productivity 

The productivity of small farmers increases sharply wh'ii 
thev move from growing a single crop each vear to sv stems of 
multiple-cropping Labor economist Harry T Oshmia has 
found that in Taiwan, for example, there is "no doubt that 
multiple-cropping, by enabling small fanners to make maximal 
use of their small acreage and their surplus familv labor, eon 
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tnbuted to the lowering of the nationwide inequality M But in 
some rural areas the rhythm of agricultural life may make it 
difficult for farmers to squee/e more than one crop into a 
growing season During planting, weeding, and harvesting, 
every available person may be busy from dawn to dusk, while 
at other times of the year jobs are scarce and underemployment 
is, the norm Thus, if shifting to multiple-cropping requires 
bringing in the first harvest and preparing the soil in a matter 
of days, m order to leave sufficient time for the second crop to 
mature, there mav not be enough people available to accom- 
plish the task swiftlv enough Selective mechanization may be 
required 18 

Draft oxen, for centuries the chief power source m tradi- 
tional agriculture, can provide a vast improvement over hand 
cultivation in small-farm agriculture A novel project funded bv 
the World Bank, for example, is introducing draft oxen into 
cotton-growing areas of the Ivorv Coast The aim is to raise the 
living standards of fairn families, whose incomes now amount 
to less than Sioo per >ear, by enabling them to grow both 
cotton and food crops on larger plots It is ironic that the 
project is encouraging the use m the Ivory Coast of the very 
technology that the bank was seeking to replace m Pakistan— 
a change that indicates a marked shift in direction withm some 
parts of the Bank In another mechanization effort aimed at 
small farmers, the International Rice Research Institute 
\IRRI) m the Philippines has developed a range of mcxpcnsixc 
power-tillers that are now being used in several Asian coun- 
tries 

Irrigation can also dramatically increase productivity, partic- 
ularly m areas where the climate allows year- round cultivation 
But the construction and operation of irrigation systems is 
often costly and the wealthier farmers are frequently the first 
to benefit Cheaper alternatives, suitable for use on small 
farms, have recently been tested, however The use of bamboo 
or ba'-xd clay in place of metal filters can cut the cost of a single 
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welLpomt to about $15, and a variety of durable and easily 
maintained hand and pedal pumps are under development 
with the support of organizations ranging from appropriate 
technology groups to the World Bank Windmills, constructed 
from local materials and based on a design thousands of years 
old, have recently been introduced into the Omo Valley in 
Ethiopia, a development that has helped raise crop fields in a 
region suffering acute poverty And the World Batik is also 
experimenting with a scheme in India that involves renting 
portable diesel pumps tq farmers for short periods, a strategy 
that spreads the,capital*cost of the machinery among several 
users 19 

*- 

Although rural development efforts that concentrate on the 
needs of small farmers should both raise agricultural produc- 
tion and help reduce inequities, such a strategy alone will be 
incapable of producing full employment in the rural areas 
during the comijig decades For one thing, the number of 
landless laborers has been increasing in many regions during 
the past few decades, and their employment needs will not 
necessarily be *net by raising the productivity of small farmers 
And for another, many small farmers themselves earn part of 
their income from selling their labor to other people Off farm 
rural jobs will thus be essential in the coming decades Again, 
technology can play an important role in generating such )obs, 
though political changes will also be required 

Rural public works programs, such as the construction of 
dams, irrigation canals, roads, and buildings, not only provide 
employment but they also help raise agricultural productivity 
Such projects, which consume a large proportion of tnc rural 
budgets of many developing countries, are generally of two 
types Some employ armies of people to mo\e earth with shov- 
els and headbaskets, while others employ the same technolo- 
gies in use in the industrial countries — bulldozers, tar spread- 
ers, mechanical diggers, and so on The former type certain!) 
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creates |obs, but it involves heavy toil and takes a long time, 
while the second type requires large capital expenditure and 
foreign exchange outlays 

Studies by the International Labour Office and the World 
Bank have indicated that there is considerable scope for im- 
proving the productivity of workers in labor-intensive construc- 
tion projects by the use of improved wheelbarrows, ox-carts, 
hand-operated rail carts, block-and-tackle systems, and similar 
technologies. Use of such technologies, the studies suggest, can 
raise productivity to the point where labor-intensive construc- 
tion is often cheaper than the capital-intensive methods. But 
there is a major drawback it requires far more organizational 
skill to manage a vast number of people than it does to operate 
a few machines 20 

The Chinese made extensive use of underemployed rural 
workers in construction programs such as irrigation, terracing, 
draining waterlogged fields, and constructing roads Such pro- 
jects transformed relatively unproductive land into fertile 
fields, a process that has not only absorbed slack agricultural 
labor but which has also raised agricultural production, thereby 
increasing the demand for more agricultural workers 

Manufacturing technologies developed in industrial coun- 
tries, like agricultural and construction technologies, arc often 
ill-suited to the needs of developing countries Not only do they 
require large amounts of capital and provide few jobs, but they 
also often use materials that are not available locally, produce 
large volumes of goods for remote markets, and require sophis- 
ticated repair and maintenance services Mounting evidence of 
such problems has begun to focus attention on the role of 
small-scale industries in providing employment and promoting 
development In many countries, small enterprises, ranging 
from village artisans to textile producers, constitute the bulk of 
manufacturing employment But such enterprises are often 
shoestring operations, lacking access to capital and established 
markets 21 
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However, deliberate attempts to foster small-scale industries 
and integrate them into overall development plans have played 
a key role in countries as diverse as India, China, Taiwan, 
Japan, and South Korea. China's rural industries are perhaps 
the best known According to one estimate, there may be as 
many as 500,000 rural industrial units in China, producing a 
vast range of goods for local needs. It is estimated, for example, 
that small : scale plants produce half the country's cement, fer- 
tilizers, and iron and steel. Since they rely on local materials 
and produce for local consumers, transportation and distribu- 
tion costs are kept to a minimum Like China's rural public 
works, the rural small-scale industries are geared toward raising 
agricultural production, a process that creates employment di- 
rectly in the factories and indirectly in the fields. 22 

Although there has been considerable debate about the effi- 
ciency of China's rural industries, a team of American experts 
who visited the country in 1975 found them to be effective in 
supporting rural development The failure of the "backyard" 
iron and steel plants established during China's Great Leap 
Forward, suggests, however, that there may be limits to the 
extent that some technologies can be scaled down and remain 
economically viable It also indicates that considerable research 
and development is required in the establishment of new small- 
scale enterprises 

Small-scale manufacturing in India has had an uneven his- 
tory When Gandhi led the Indian people to independence 
from Britain, his vision — summed up in the choice of the 
spinning wheel as the symbol of the independence movement 
— was of decentralized village production. During the fifties 
and sixties, however, the Indian government invested heavily 
in large-scale, urban-based industries and rural industries took 
a back seat But rising unemployment in India, coupled with 
widespread flight from the land, has rekindled interest in de- 
centralized production. 23 

Even during India's heavy industrialization period, some 
organizations were promoting small-scale manufacturing tech- 
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nologies. Small-scale sugar plants are a case in point. The 
Planning Action and Research Institute in Uttar Pradesh de- 
veloped a technology suitable for use in small plants that use 
locally-grown cane and serve local markets. An investment of 
28 million Rupees can establish one large modern plant capa- 
ble of producing about 12,000 tons of sugar a year with about 
900 full-time employees; the same investment can build 47 
small plants with an output of 30,000 tons and with a total 
employment of 10,000 on a part-time basis The small plants 
provide village jobs during periods of slack demand for agricul- 
tural labor 24 

Development policies aimed at raising the productivity and 
the incomes of the poorest people can have important second- 
ary impacts Their additional incomes are likely to be spent on 
goods produced by relatively labor-intensive means — agricul- 
tural implements, building materials, clothing, bicycles, and so 
on Additional income accruing to those who are already rela- 
tively wealthy is likely to be spent on imported goods or luxury 
items produced by capital-intensive technologies — automo- 
biles, television sets, power machinery, and similar items Simi- 
larly, the technologies needed by small farmers and small-scale 
industries, such as improved plows, bullock carts, hand tools, 
grain storage bins, brick kilns, and textile machinery, can be 
produced and repaired locally, while more sophisticated tech- 
nologies such as tractors and combine harvesters are likely to 
be imported and require a level of maintenance that is gener- 
ally only available in the large cities and towns 

Such development efforts may be less spectacular than pro- 
grams built around shiny new steelmills, massive dams, and 
modern airports, but they will prove to be just as important 

Meeting Basic Needs 

A fundamental change in development thinking occurred in 
the mid-seventies, as the notion began to take root that the 
purpose of development is to enhance the well-being of people. 
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The notion may be obvious, but it represented a radical change 
from the idea, which had held sway for a generation, that 
development is synonymous with economic growth Increasing 
the incomes and productivity of the poorest people through 
programs aimed at rural development and the generation of 
employment is one aspect of a people-centered development 
effort. Another is the extension of health care, housing, sanita- 
tion, water supplies, and other services to those who now lack 
them 

The so-called basic needs approach to development has not 
* been without its c tics. Some Third World spokesmen have 
argued that the industrial countries' sudden conversion to a 
new development philosophy is merely a ploy to divert atten- 
tion from the pressing need to reform international economic 
relationships Others have argued that too much emphasis on 
meeting basic needs will divert resources from productive in- 
vestments, for increased production is needed to generate the 
revenues required to tackle the symptoms of underdevelop- 
ment Yet nobody has taken exception to the overall goal of 
increasing the well-being of the poorest people 

The goalls a formidable one. In 1978, according to World 
Bank figures, some 550 million people lived in countries where 
the average life expectancy at birth was less than fifty years, and 
400 million people lived in countries where twenty children out 
of every thousand die between the ages of one and five- 
twenty times the childhood death rate in the industrial world 
Only about one m three people in developing countries has 
ready access to clean water, and as many as 800 million have 
no access to even rudimentary health care. 25 

Although decisions concerning the allocation of public 
funds for services such as health care and housing reflect politi- 
cal choices, the types of technology employed have a strong 
bearing on the way the benefits arj shared Striking examples 
of how the choice of technology can determine whether the 
benefits are available to all sect ons of the population can be 
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found in health policies. 

The most severe. health problems of the Third World are 
malnutrition and infectious and parasitic diseases — illnesses 
associated with poverty and poor sanitation Yet the health 
budgets of many poor countries are heavily weighted toward 
modern hospitals and sophisticated technologies This bias, 
notes a World Bank study, "barely touches health problems in 
areas beset with serious environmental hazards to health. Fur- 
thermore, the resources are typically concentrated on the needs 
of the urban areas. Rural people arc neglected, thus, only a 
small portion of the total population is granted effective access 
to modern health care " 26 

There are many explanations for inequitable health care 
priorities, including past colonial policies that provided cura- 
tive medicine for expatriate Europeans, medical education sys- 
tems that are carbon copies of western systems (and which, 
incidentally, supply many trained doctors to the rich countries 
as part of a sizable medical brain drain), and hospital services 
that reflect the demands of the powerful and affluent in devel- 
oping countries As Charles Elliott notes, "the results are bi- 
zarre. In the Philippines, a country in which much of the 
population has no health care beyond that of the helot, is to 
be found one of the most sophisticated cardiology units in the 
world In the Ivory Coast, the Centre Hospital Universitairc 
has facilities that few hospitals in France can rival Such 
facilities are used at half capacity, but preempt the lion's share 
of the recurrent budget of the ministry of health (over 50 
percent in both cases) " To those exarr pies might be added the 
open-heart surgery units in Bogota, the running costs of which 
are sufficient to provide a pint of milk a day to one-quarter of 
the city's malnourished children 27 

Expenditures on expensive medical technologies that soak 
up the bulk of health budgets in poor countries reflect a choice 
of providing high-quality medical care to a few rather than 
meeting the basic health needs of many In the past few years, 
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however, several developing countries have begun to refocus 
their health policies, training cadres of paramedical workers 
and establishing medical facilities in the villages and poor 
neighborhoods The World Health Organisation has also 
adopted a new policy, called primary health care, that also seeks 
to broaden access to health services and to treat the environ- 
mental causes of disease in the Third World This new policy 
was the focus of a major conference, sponsored by WHO and 
the United Nations Children's Fund (UNICEF) in the Soviet 
Union in 1978, that underscored the point that orthodox west- 
ern medicipe cannot oopc with the major health problems 
confronting the Third World. 

A model for many primary health care experiments is 
China s "barefoot" doctor system, which consist* of some 1.6 
million people operating in the villages Trained to use both 
modern techniques and traditional Chinese medicine, China's 
barefoot doctors dispense medical care together with advice 
and training on disease prevention During the seventies, coun- 
tries as diverse as Iran, Brazil, Sudan, India, Jamaica, Botswana, 
Sri Lanka, and Tanzania beg^n to operate such systems The 
results can be dramatic In Sri Lanka, a country with an annual 
income of less than $200 per person, life expectancy is now 
approaching that m the United States 28 

Technologies employed in the provision of health cars to 
people in the villages and poor neighborhoods can range from 
the simnle to the sophisticated Treatment of diarrhea, for 
example, has been revolutionized in the past few years by a very 
..mple innovation— giving patients a solution of table salt, 
sodium bicarbonate, potassium chloride, and glucose to drink 
Diarrhea is one of the biggest killers in the Third World In 
severe cases, the victim becomes dehydrated and eventually 
dies from loss of body fluid The conventional remedy, devel- 
oped more than a century ago, has been to infuse fluids into 
the body intravenously While this may work fine in countries 
that have adequate hospital facilities for all the population, it 
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is not much use in Vast areas of the Third World Recent tests 
have shown, however, that giving the correct fluids orally has 
the same effect For example, in one trial in a village in India, 
this treatment, supervised by village health workers, cut the 
death rate from diarrhea by half. 29 

At the other end of the scale, it may eventually be possible 
to eradicate such infectious diseases as yellow fever, Rift Valley 
fever, hemorrhagic fever, and some parasitic diseases by 
mounting a major research and development program aimed at 
producing effective vaccines The eradication of smallpox dur- 
ing the seventies through an extensive vaccination campaign 
indicates that this approach can be stunningly successful Yet 
such magic bullets are few and far between, and they will do 
little to remove the underlying causes of much disease in the 
Third World — polluted water supplies, malnutrition, and 
other effects of poverty It is worth noting that the incidence 
of infectious diseases, such as cholera and tuberculosis, de- 
clined m the industrial countries well before vaccines were 
developed against them Economic development coupled with 
improved sanitation provided the best cures for these diseases 

The problems of providing adequate sanitation systems nj 
developing countries graphically illustrate the inappropnatc- 
ness of many western technologies Cities in Third World 
countries are growing at an unprecedented pace, outstripping 
the provision of even the most basic sanitation systems A 
World Health Organisation survey conducted in 1975 in- 
dicated that the proportion of urban residents connected to 
sewers in the developing world declined from 27 percent in 
1970 to 25 percent in 197; 30 And even those estimates arc 
widely believed to present an over-optimistic assessment 

It is not simply a lack of resources to develop a sewage system 
th, t is hindering progress A lack of suitable technology is also 
a problem The waterborne systems applied throughout the 
industrial world simply cannot be grafted onto Third World 
cities and villages where adequate water supplies are unavaila- 
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ble and where suitable treatment and disposal facilities have 
not been developed. The World Bank, which recently con- 
ducted a major study of appropriate technology for sanitation 
in the developing world, conducted an exhaustive survey of the 
literature on sewage disposal techniques Its finding 96 percent 
of the research papers published in the field are irrelevant to 
the needs of the Third World n 

Yet there are appropriate techniques available for recycling 
or disposing of human wastes. Excreta has been used for centu- 
ries as a valuable agricultural resource in some countries, where 
it is collected, composted, and applied to the fields Even today 
China's waste disposal system is geared around the collection 
and composting of human wastes, 'vhich are qsed extensively 
as fertilizers Composting, if carried out correctly, kills parasites 
and bacteria that are involved in human disease. Waterless 
latrines have also been developed in several countries, and they 
have been applied successfully in Vietnam, for example 

A survey conducted by Canada's International Develop- 
ment Research Center has pinpointed several different options 
and strategies for sewage disposal for use in developing coun- 
tries at both the city and village level A key finding of the study 
is that different technologies will be needed m different coun- 
tries and cultures "Sewerage has been regarded as a universal 
solution to waste disposal," the study notes "The same engi- 
neering formulas have been applied, often bv the same engi- 
neers, whether in Madras, Montreal, Mexico City, or Manila 
The disadvantage of [this] 'universal' solution [is that it has] 
so far been able to reach only 6 ; percent of the people in 
developing countries " The study concluded that the starting 
point foi all sanitation programs should be to understand exist- 
ing conditions and resources "Particular options will integrate 
reuse possibilities that reflect energy, food, or agricultural 
needs of the particular community W hether or not such solu- 
tions lead ultimately to waterbornc sanitation is less important 
than the fact that they will be the beginning of a dynamic 
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process of development " 32 

The availability of energy is another key element .1 deter- 
mining whether people are abl .0 meet their basic needs The 
construction of large urban-based electrical generating plants 
has brought much-needed power to the major cities and indus- 
trial centers in the developing countries, but it has also ag- 
gravated differences between urban elites and the bulk of the 
population in the countryside. Professor A. K N Reddy has 
calculated that about 70 percent of the electrical energy con- 
sumed in India goes to urban industries, 15 percent goes to 
other urban consumers, and only about 1 2 percent is consumed 
in the villages Yet about 80 percent of India's people live in 
the rural areas Moreover, according to Reddy, electricity is 
inequitably distributed within the villages themselves on aver- 
age, only 15 percent of the households are electrified 33 

Electricity is, of course, essential for powering heavy indus- 
tries and its development is an important part of the develop- 
ment process But if energy systems are founded entirely on 
large-scale, centralized power plants, social inequities will inevi- 
tably increase because few developing countries can afford to 
extend services to the rural areas Moreover, Lie rapid escala- 
tion of oil prices and the problems involved in nuclear power 
suggest that developing countries need to seek alternative en- 
ergy sources if they are to avoid the mistakes made by the 
industrial world 

Several studies and recent experiences have indicated that 
decentralized energy sources — based on direct use of solar en- 
ergy, small-scale hydroelectric generators, firewood plantations, 
and biogas plants — can provide energy in Third World villages 
more chcapl) and more equitably than centralized power sta- 
tions and national grids can Much of the Third \\ orld, more- 
over, is climatically well-suited to develop and use such renew- 
able energy resources 14 

Until recently, however, few countries have attempted to 
build such an energy system China was a pioneer in some of 
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tb 4 *"elo: ! "«ts \ahough China's major cities aij pow- 
ered * dy cy al-nred generating plants, the villages derive 
mucn l the energy, from renewable resources, chiefly biogas, 
firewood, and small-scale hydroelectric power According to 
recent reports, more than seven million biogas units have been 
built in China, and in 1979, there were reported to be $8,000 
rural, small-scale hydroelectric plants in operation These 
plants play z key role in powering China's small-scale rural 
industries 35 

In many cases, firewood plantations and more efficient 
wood-burning stoves may offer the best way to meet the energy 
needs of people in the rural areas Firewood has been the 
leading source of fuel for millennia, and it is still the principal 
form of euergj: throughout much of the Third World 

But in recent years it has become scarce and expensive as 
vast regions of the Third World have been stripped of trees by 
both firewood gatherers and farmers clearing land to produce 
food This denudauon has caused ecological damage on a vast 
scale, as the bare hillsides have been exposed to erosion that in 
turn has reduced the fertility of the land, silted rive.s and 
cff ^ams, and caused extensive flooding It has also caused an 
crisis for hundreds of millions of people who depend on 
firewood for fuel Firewood plantations thus serve the dual 
purpose of provide \^ v ,1 and preserving the ecosystem Coun- 
tries and regions 1 diverse as China, Gujarat State in India, 
and South Korea have all begun village-level firewood planta- 
tions in the past few years 36 

But even seemingly "appropriate" technologies can worsen 
social inequities in some settings Biogas plants arc a case 111 
point The plants produce methane through the fermentation 
of a mixture of livestock dung and water (sometimes with the 
add.:ion of human excrement and crop residues), providing gas 
for cooking and heating and a pathogen-free slurry that consti- 
tutes an excellent fertilizer The production ot these badly 
needed commodities from waste products seems like a good 



ERJC 



Technology and Development 



171 



bargain, but there can be two major drawbacks First, the 
plants need manure from at least three cows to produce suffi- 
cient gas for a single family, a requirement that restricts their 
use to relatively wealthy families And second, in some coun- 
tries, cattle dung is now collected, dried, and used as a fuel by 
all villagers, it is essentially a free good However, the introduc- 
tion of biogas plants places a premium on dung, which can 
eliminate the poorest villagers' chief source of fuel Larger 
plants serving an entire community rjiav get around this prob- 
lem, but their introduction would require the establishment of 
new cooperative arrangements The point is not that biogas 
plants are inherently bad — indeed, they arc one oi r the most 
promising solutions to 'I hird World energy problems in some 
cases — but that they cannot be introduced thoughtlessly, with- 
out new forms of social organization at the village level * 7 

Technologies for housing, water stipplv, education, and a 
host of other areas can similarly result m skewed distribution 
of benefits if they are applied in settings where wide disparities 
already exist Developing and using appropriate technologies 

ll not by itself solve problems of social equity, but it will be 
a key element in social and political changes designed to ensure 
that the poorest people share in the fruits of development 

Budding Technobgcal Capacity 

One reason '\!iv developing countries have followed m the 
technological footstep.*, of t ,c industrial world, instead of devel- 
oping technologies more suited to their own resources and 
cultures, is that thtv generally lack a firmly developed capacity 
for innovation This applies not only to the financial and 
human .esources needed to carry out research and develop- 
ment programs but also to the capacity to link research and 
development to their most pressing needs It also applies to the 
capability to control the import of technologies, to choose 
those that are most suitable, and to adapt imported technology, 
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when necessary , to meet their own requirements 38 

This lack of capacity is clearly reflected in the distribution 
of research and development spending among rich and poor 
countries With less than 5 percent of the world's expenditures 
on research and development, the developing world has only 
a minor influence on the development of modern technology 
And even this figure greatly overstates the R&D capacity of 
most Third World countries, for a handful of the more ad- 
vanced nations, such as Brazil, India, and Mexico, account for 
the bulk of the developing world's investment in R&D 39 

The consequences of this maldistribution of resources arc 
manifold The most obvious is the fact that th° world s R&D 
capacity is overwhelmingly geared toward meeting the politi- 
cal, economic, and social needs of the rich industrial countries 
The S35 billion invested in the advancement of military tech- 
nology is of little relevance to the needs of the Third World, 
for example, and even in areas such as health and agriculture, 
global expenditures are largely aimed at solving problems en- 
countered in the rich, temperate /ones 

The World Health Orgamsati n pointed out in 1975 ^ iat 
the spectacular advances in medical knowledge m the past few 
decades "have as yet hardly begun to be applied to the prob- 
lem . of tropical diseases, where methods of control and treat- 
ment have scarcely changed in the past thirty years It has been 
estimated that the world's total annual research budget for all 
tropical infectious diseases is aoout $30 million per annum, one 
country alone spends nine times this amount on cancer re- 
search Research m tropical diseases has not yet got off the 
ground " 40 

The United States Government alone spent about $670 
million 111 1979 on research and development designed to raise 
the productivity of American agriculture This sum far exceeds 
the agricultural R&D expenditures of all the developing coun- 
tries put together And the vast amount of money that has been 
sunk into developing synthetic fibers completely dwarfs the 
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resources that have been devoted to improving the production 
properties of cotton— a crop on which about 125 million 
of the poorest people of the world depend for their liveli- 
hood 41 

The lack of R&D capacity in Third W orld countries leads 
to technological dependence on ti<e industrial world Not only 
arc new technologies developed outside the economic contro, 
of the developing world, but the lack of trained scientists and 
engineers in developing countries can also put poor countries 
at a disadvan igc in negotiations over the import of technol- 
ogy As Jan A..ncrstcdt has argued, "Those developing conn- 
tries that do not even have such a minimal R&D capacity to 
be able to evaluate different technologies are, in a basic sense, 
in the hands of those w 10 control the technologies " 42 

Research and development is an expensive activity, and 111 
view of the pressing problems facing most developing coun- 
tries, investments 111 R&D often seem irrelevant to national 
needs The installation of a thousand irrigation pumps is likely 
to have a higher priority than the establishment of a plant 
breeding station, for example But a few Third World nations 
have made considerable investments in R&D over the past few 
veais India's Five-Year Plan calls for the expenditure of about 
Si billion on R&D between 1978 and 1983, Mexico spent 
approximately $360 million in 1978, about 06 percent of its 
CAP, and Brazil spent ground $2 5 billion between 1975 J"d 
1978 41 

Funds for R&D in Third World countries conic predomi- 
nantly from government sources Of the S484 million spent on 
R&D m India 111 1977, for example, $387 million was provided 
by the central government. S41 million by state governments, 
and only $56 million b> private industry One reason for the 
relatively low share of corporate investment is that the modern 
industrial sector is usually dominated b> subsidiaries of foreign 
multinational corporations, which perform most of their R&D 
in centralized laboratories m their home countries Even when 
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multinationals do carry out research overseas, it tends to be 
relatively low-level work designer to adapt existing products to 
local markets 44 

Third World nations are not the only countries affected by 
this pattern of expenditure In Canada, where a substantial 
portion of the firms are foreign-owned, industrial R&D spend- 
ing is markedly depressed. Only about 40 percent of Canada's 
R&D is performed by industry and less than 1 percent of the 
nation's GNP is devoted to research and development A Ca- 
nadian government study recently stated* "One consequence 
of foreign subsidiaries doing relatively little innovative R&D 
and being engaged p^inly in adapting products to the Cana- 
dian market is that they have little to export. Also a heavy 
dependence on foreign R&D leaves Canadian industry vulner- 
able to foreign decision-making, both by the parent company 
and by its government " 45 

This dependence on multinational corporations for techno- 
logical development can have a stultifying impact on domestic 
R&D and on the outlook of scientists and engineers in develop- 
ing countries J Leite Lopes, professor of physics at the Univer- 
sity Louis Pasteur in France and former president of the Brazil- 



scientists and research-engineers hoped one day to be able to 
contribute to the development of our countries, this hope was 
shattered by the government decisions taken in the last twenty 
years to base development on the implantation of foreign affili- 
ates of multinational enterprises " The capacity for technologi- 
cal innovation, he argues, is not transferred by multinational 
enterprises, and thus technological dependency is per- 
petuated 46 

Research and development priorities in developing countries 
often mirror those in the industrial world, a feature that can 
make programs marginal to national needs Rogerio de Cer- 
queira Leite, professor of physics at the State University of 
Campinas suggests that in Brazil "scientific and technological 
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research (except in agriculture and health) is rarely relattJ » 
social and economic needs, and research is often undert^en 
for reasons of prestige rather than necessity " In India, the 
Departments of Atomic Energy and Space now account hi 
more than one-third of all government R&D expenditures, 
more than is spent on agriculture, forestry, and fisheries. And 
in neighboring Nepal, the government candidly stated m its 
paper prepared for the August 1979 United Nations Confer- 
ence on Science and Technology for Development that "the 
few research institutions that are fairly well equipped with 
laboratory facilities arc mostly engaged in research of their own 
institutional interests and often of marginal relevance to the 
broader needs of the country " 47 

Yet there have been some successful efforts in the Third 
World to develop technologies that have been neglected by the 
industrial world Perhaps the best known is Brazil's ambitious 
program to produce ethanol from sugar cane Launched in 
1975, the program aims to produce sufficient fuel alcohol to 
meet the nation's automotive needs By 1980, the program had 
already achieved the interim goal of providing 20 percent of 
national gasoline demand Substantial R&D funds have been 
invested in the program, and these have resulted in the im- 
provement of established technologies at all stages of the pro- 
duction process Indeed, Brazil is now regarded as a world 
leader in the technology 48 

In Malaysia, a joint government-industry program has 
helped maintain the market for natural rubber in the face of 
stiff competition from synthetic materials The program in- 
volved R&D on rubber production and processing The result, 
according to B C Sckhar, head of the Malaysian Rubber 
Research and Development Board, is *hat "the natural rubber 
industry has not only withstood the competitive pressures ex- 
erted by a powerful oligopolistic industry [the synthetic rubber 
industry! backed by the massive resources of the multinationals 
and the industrially advanced countries, but has also succcss- 
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fully and substantially carried out a radical face-lifting moderni- 
zation " 49 

A critical area in which some Third World governments and 
corporations have begun to invest R&D resources is in the 
development of renev 'e energy technologies Renewable en- 
ergy resources are likely to play a major role in energy programs 
designed to benefit the rural poor, and many Third World 
countries are wcil placed to take advantage of solar, wind, 
water, and biomass technologies because of their geographic 
settings Scores of public and private programs have been es- 
tablished in developing countries in recent years 

However, because these technologies are also being pursued 
vigorously by the industrial countries, some observers have 
warned that multinational corporations may move into Third 
W orld markets with technologies transferred from the indus- 
trial world and suppress local innovation Kurt Hoffman of * 
Sussex University has warned, for example, that "we are wit- 
nessing within a potentially significant subsector of productive 
activity the creation of the basic conditions for technologi- 
cal dependence over the long term " 50 

Dependence on industrial-country suppliers of renewable 
energy technology is different from dependence on imported 
technology to exploit most ctfher forms of energy, however 
The import of nuclear technology, for example, guarantees 
long-term reliance on imports of nuclear fuel as well as depen- 
dence on external technical assistance Nevertheless, building 
up the capacity to produce as well as use renewable energy 
technologies should be a major priority of developing countries 
in the years ahead 

Simplv developing R&D capabilities in developing countries 
will not ensure that technological development is more in tunc 
with Third World needs and resources, however In the area 
of renewable energy, agriculture, and industrial development, 
there is a danger that R&D efforts will be geared more toward 
the needs and demands of the elites rather than the has«e needs 
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of the bulk of the population Moreover, all too often, the 
results of R&D programs do not filter through to the people 
who are supposed to benefit from them 

The experiences of India and China with two very different 
approaches to R&D illustrate some of the difficulties of devel- 
oping programs m the Third World During the sixties and 
early seventies, China developed a highly decentralized R&D 
system in areas such as crop production and health While a 
few regional institutes conducted basic and applied research, 
much of the work in developing and testing new plant varieties 
and pest control techniques was performed by workers in the 
communes and production brigades Many scientists were also 
sent into the rural areas to work alongside the farmers The 
system ,3 widely credited with tailoring new technologies to 
bcal needs, but it has also been heavily criticized for neglecting 
laboratory work Most of the scientific delegations that visited 
China in the mid-seventies commented on the poor quality of 
research facilities, for example 51 

India, on the other hand, has built up a strong R&D capacity 
in a range of areas For example, its scientific institutions are 
m performing advanced work in atomic energy, space research, 
and heavy engineering, but critics have pointed out that such 
efforts have not been of much benefit to the rural areas in 
general and to the rural poor in particular Both nations are 
now trying to overcome these drawbacks In recent years, 
China has taken bold steps to beef up its research facilities, 
while India has begun to focus more R&D on the rural areas 
F ulding up research and development capacity in the Third 
World is likely to be critical for the long-term economic and 
political prospects of developing countries It is not sufficient 
by itself to guarantee future social and economic progress, 
however Most of the problems now facing Third World na- 
tions require not research and development but political and 
social reforms at the national and international level that will 
allow the poor to benefit from existing technologies It is always 
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easy for a government to put off making tough political deci- 
s.ons with the excuse that more research and development is 
needed to explore all the dimensions of a problem. But research 
and development cannot settle questions of soc.al just.ce 

Building International Bridges 

The growing interdependence of the world economy means 
that the economic health of the developing world is of vital 
.mportance to the prospects facing ' industrial countries, |ust 
as economic growth in the North is central to the development 
plans of exporting countries in the South. But this mutuality 
of interests is not reflected in the efforts of the industrial 
countries to assist developing countries in building up their 
technological capacities. 

Overall levels of aid from rich to poor countries have not 
come even remotely close to the United Nations' target of 0 7 
percent of the gross national product of the industrial world. 
Certainly, a handful of countries, such as Sweden and the 
Netherlands have met the target, but others have fallen well 
short And the prospects for the next few years have been 
dimmed by sluggish economic growth, the election of a con- 
servative administration in the United States that has pledged 
to cut government spending, and by the policies of the British 
Government, which essentially has argued that since private 
capital investments are increasing, official government assist- 
ance is noi so necessary. 

In terms of official support for science and technology, the 
record is equally poor There is no shortage of good intentions, 
enshrined in statements issued from global conferences. For 
example, the i 9 79 United Nations Conference on Science and 
Technology for Development (UNCSTD), pledged to estab- 
lish a fund for scientific and technological development ir the 
Third World the intent of which i to build up research and 
development capacity as well as the capability to ensure that 
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technologies are matched to local needs and resources. But in 
the year following the conference, the industrial countries gen- 
erally proved reluctant to make their promised commitments 
to the fund, and the effort was slow in getting off the ground ' - 
Moreover, in the United States, a proposal to establish a 
national agency to assist Third World science and technology 
was torpedoed by the U S. Congress. To be called the Institute 
for Scientific and Technological Cooperation, the agency was 
the centerpiece of the American proposals at UNCSTD But 
several U S Senators, unimpressed with arguments for the 
establishment of another aid agency, rejected the idea and 
voted only a modest incrca;c in the budget of the Agency for 
International Development to finance scientific and technolog- 
ical programs 53 

Yet, in spite of these setbacks, there were a few promising 
developments in the building of technological bridges between 
North and South A major attempt to harness science and 
technology to an attack on Third World food production prob- 
lems has been launched with the establishment of a network 
of agricultural research institutes throughout the developing 
world The network is funded by private foundations, the Food 
and Agriculture Organisation international agencies such as 
the World Bank, and bilateral aid agencies such as the U S 
Agency for International Development 

The network grew out of the work of the International 
Wheat and Maize Improvement Center in Mexico and the 
International Rice Research Institute in the Philippines. Es- 
tablished with support from the Ford and Rockefeller Founda- 
tions, these institutes spearheaded the development of the 
high-yielding varieties of wheat and rice that formed the basis 
of the so-called Green Revolution Nine other research insti- 
tutes have now been established, and their work includes im- 
proving livestock production, developing machinery suitable 
for use on small farms, raising yields of crops such as potatoes 
and millet, and developing techniques for farmir: in s^miand 
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areas The eleven institutes of the network are spread through- 
out Africa, Asia, and Latin America, and their combined an- 
nual budget is close to $100 million 54 

A similar attempt to mobilize R&D to combat tropical dis- 
eases has recently been launched by the World Health Organi- 
sation Like the international agricultural research network, the 
tropical diseases program will perform most of its work in the 
developing countries themselves, and local researchers will be 
trained And yet another international effort was under discus- 
sion in the early eighties for an R&D program on cotton 
production and the improvement of co. on textiles. The idea 
is to do for cotton what the Malaysian R&D program has done 
for natural rubber, and the effort would be jointly financed by 
the World Bank and the cotton-producing countries them- 
selves Such efforts have focused considerable resources on 
critical and long-neglected problems, and there are perhaps 
other areas, such as the development of small-scale renewable 
energy technologies, that could benefit from this approach. 55 

If some of the promises inherent in biotechnology become 
reality in the near future, they could be of immense benefit to 
the developing world. Moreover, if biotechnology does indeed 
become a major growth area in the world economy, developing 
countries need to keep abreast of technological developments 
So far, however, almost all the development of biotechnology 
is taking place in the industrial countries, and much of it has 
little relevance to the Third World. For example, the produc- 
tion of insulin by genetically modified bacteria is an important 
and elegant technological feat, but a treatment for diabetes is 
not one of the most urgent medical needs in developing coun- 
tries. In recent years, however, some modest efforts have been 
launched to focus biotechnology R&D on Third World prob- 
lems and to forge links between researchers in rich and poor 
countries 

Prominent among these efforts is a multinational program 
sponsored by the United Nations Educational, Scientific, anH 
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Cultural Organisation, the United Nations Environment Pro- 
gram, and the International Cell Research Organisation The 
program supports research and training, conducts surveys of 
genetic resources, and maintains tissue culture banks Four 
centers have been established in developing countries to con- 
duct research and maintain cultures, and two more have been 
set up in existing institutes in the industrial world These 
centers arc located in Bangkok, Cairo, Nairobi, and Porto 
Alcgre, and in Brisbane and Stockholm One central aim of the 
program is to use the centers to promote regional cooperation 
on research projects 56 

Traditional forms of bilateral foreign aid have often been 
criticized for assisting the rich countries more than the poor 
Aid is frequently tied to the purchase of products and equip- 
ment from the "donor" country, and it is thus sometimes seen 
as paving the way for commercial interests to increase their 
profits from the Third World Much of the research and devel- 
opment money expended by aid agenncs is also directed to 
researchers in universities in the industrial world instead of 
being used to build up capacities in the developing countries 
themselves But a few agencies established in the past few years 
are taking a different approach 

Canada's International Development Research Center and 
the Swedish Agency for Research Cooperation with Develop- 
ing Countries have both focused their efforts on building up 
a local capacity for technological innovation in the developing 
countries They spend most of their budgets m foreign coun- 
tries, helping to establish research and development programs, 
train local researchers, and adapt and apply existing technolo- 
gies to meet local needs A similar approach has been at- 
tempted by an agency m the United States, called Appropriate 
Technology International which, after a shaky start, is now, 
supporting projects ranging from the establishment of a small 
bnekmaking plant in Honduras to the development of more 
efficient cooking stoves in some African countries 
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Important though such efforts are, there are few real indica- 
tions that the industrial world is prepared to put much effort 
into building the Third World's technological strength. Partly 
tor this reason; and partly to become less reliant on assistance 
fro the industrial countries, several Third World nations, in 
coi,, nction with U N agencies, have begun to explore pos- 
sibilities for technological cooperation among developing coun- 
tries Such cooperation is likely to involve the sharing of infor- 
mation on already-developed technologies, the regulation of 
technology' transfer between nations, and the growth of inter- 
national engineering consultancy among Third World coun- 
tries. There are many opportunities for joint R&D efforts as 
well 57 

For example, an important collaborative project undertaken 
by the members of the Andean Group of countries — Bolivia, 
Columbia, Ecuador, Peru, and Venezuela — has produced a 
novel technique for concentrating copper ores Tne project, 
which grew out of the desire of those countries to manage their 
own natural resources, has led to the establishment of a proto- 
type production plant to test the technique. Similar projects 
have also been launched by the Andean Group to survey the 
forest resources of the region and to develop new technologies 
for using tropical forest products 58 

A slightly different form of technological cooperation among 
developing countries was an attempt m early 1979 to extend 
China's experience in the development, construction, and 
popularization of biogas plants to other countries The United 
Nations Environment Program, together with the Environ- 
ment Protection Office of China's State Council, conducted a 
course in Sichuan Province for officials and engineers from a 
score of foreign countries, who were given lectures and site 
visits, and participated in the construction of a plant. China, 
witK its seven million biogas units already in place, leads the 
world in this technology 59 

The scope for a more self-reliant approach to development 
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through links between developing countries extends well be- 
yond straightforward scientific and technological cooperation 
Increasing trade and investment among Third World nations 
that are at equivalent stages of development at least holds the 
promise of mutual benefit without some of the problems in- 
volved in economic transactions between unequal partners 
The problems in forging such links should not be minimized, 
but the rewards could be immense 
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Technology has a pcvasive impact on society Less obvious 
is the influence o f society on technology Technical change and 
social change have gone hjnd-i.i-I-and for thousands of years, 
technological systems underoin economic and social system, 
and social and political values and institutions ir turn shape 
1 th the development and application of technology 

Technological choices, whether m industrial or dcvelopn.g 
eouiiti.es, are never made in a political vacuum Tnc entire 
innovation process, from basic research to the marketing and 
use of a new technology, is conditioned by such factors as the 
profit motive prestige, national military goals, and social and 
economic policies Technical change, m short, is a political 
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process that cannot be separate^ from the broader forces oper- 
ating in society All too often/liowever, it is viewed as a neutral 
entity that must simply be "managed" in order to generate net 
social benefits 

If technological development is to be more compatible with 
hun, jn needs, and more in harmony with the earth's resources, 
it will be necessary to modify the torcesttat generate and 
shape technology First, although the unfettered workings of 
the market system are enormously powerful in stimulating the 
development and application of many technologies, they can- 
not always be relied upon to steer technological development 
along socially appropriate paths Market forces should be relied 
upon as m ich as possible, but in many cases they need to be 
supplemented by government actions Second, broader public 
participation in the decisions that lead to the generation and 
adoption of icw technologies is needed to ensure that those 
most affected by technological change have a role in its plan- 
mi. and to reduce some of its negative social impacts Third 
the immense problems facing developing countries require not 
only greater access to modern technology on more favorable 
terms but also the capacity within developing countries to 
generate and apply technologies more suited to thcr own 
needs and resources And finally, it must be recognized that 
technology, h\ itself, cannot solve social and political problems 

Technology and Sustainahilih' 

During the posHllcade, it has become increasmgK !car that 
/ pjttjrths of production and consumption that are deeply m- 
\ gramecrm fndtfsty 1 and developing countries alike cannot be 
N x$ustamc^ ov Jr tl# long <enp This is mo^t obvious in the 
eonhiaiprifrn of oil and other fossil fuels, but it also applies to 
the environmental dp{j#ge caused by intensive resource use, 
the loss of momentum ikworld food production while demand 
for food continues to rise, pud the growing disparities between 
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rich and poor This unsustatnability is linked in some cases to 
the use of technologies developed in an era of cheap and 
abundant resources 

The link between technology and ecological unsustatnability 
is not new Some 6,000 years ago, a civilization flourished 011 
the floodplain of the Tigris and Euphrates Rivers (in what is 
now Iraq), as the development of irrigation technologies turned 
the desert into fertile land However, gradually, over the course 
of several centuries, the fields became a salty wasteland Crop 
yields slowly declined, until production was no longer able to 
sustain the civilization The problem was caused by waterlog- 
ging of the subsoil and by the constant evaporation of irrigation 
waters, which left behind salty deposits The soil has not yet 
recovered, and in parts of southern Ira$(, the earth still glistens 
with encrusted salt These particular irrigation technologies 
were not sustainable over the long term 1 

Unlike civilizations in the past that have been confronted 
with potcntiallv catastrophic ecological threats and resource 
limitations, humanity today at least has the ability to predict 
some dangers m advance Whether that foresight will lead to 
corrective action is, however, another, matter 

The recent debate 111 the industrial Countries about the need 
to stimulate innoval on in private industry usually boik down 
to a discussion of how government policies can help foster 
industrial R&D and remove some of the barriers tliat hinder 
the development and use of new technologies In a tight ;Mid 
increasingly interdependent world economy, this freoccrpa- 
tion with raising levels of innovation ancfrby*cxtension, produc- 
tivity, is understandable Rarely docs anybody ask, however, 
what this surgfof mrovation would produce, aside from the 
hoped-for increase in international competitiveness of domes- 
tic industries Indeed the so-called supply side economics now 
in vogue, which seeks to stimulate industrial production 
through tax cuts and similar incentives, has little to say about 
conservation and efficient use of natural resources It rests on 
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the assumption that market forces will be sufficient to allocate 
resources in an effective manner 

Conventional economic theory suggests that changes in the 
availability of resources result in shifts in relative prices, which 
in turn cause changes in technology To some extent, this 
happens in the real world oil shortages have resulted in rising 
p.iccs, and this has stimulated the development of energy 
conservation technologies and alternative energy systems But 
prices do not always reflect the true cost of resources, and the 
technological system responds slowly to price signals More- 
over, market forces arc often swamped bv stronger influences 
on the pattern of technological change 

Among those influences arc public policies and the legacy of 
past technological development Governments have alwavs 
strongly influenced trends in technological development, ci- 
ther through direct support for icscareh and development or 
through subsidies, tax incentives, pricing policies, regulations, 
and investments in public facilities Nuclear power, for exam- 
ple, would not have been developed without immense govern 
nient support, communications satellites owe their existence to 
a vast infrastructure ol hardware and expertise developed 
through national space programs, and the direction taken bv 
transportation technologic, has depended to no small extent on 
patterns of public expenditure on roads, railroads, docks, and 
airports It is no surprise, for example, that the United States, 
which has secu its railroads deteriorate markcclb through lack 
if public investment, lags behind Japan and Kurope in the 
development of high-speed trains 

Most governments now accept some responsibility for regu- 
lating production and consumption to reduce social costs such 
as pollution, occupational hazards, environment. ' degradation, 
and the waste of resources Although this body of rcgi tion 
—much of which has been imposed in the past dccadc--has 
attrac ted heaw fire, it is important to note that it has resulted 
in some welcome shifts in technologic. al innovation .:id that 
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these shifts arc precisely what was intended by the regulations 
The development of new technologies to control pollution, 
improve the efficiency and safety of automobiles, and reduce 
exposure to hazardous- chemicals in the workplace has been 
spurred by the imposition of regulations in most countries 

Certainly, there is an urgent need for regulator) reform, for 
most regulations have been imposed piecemeal, some may be- 
too stringent, and many require overly burdensome paperwork 
But/lpst in the current barrage of complaints from business 
exccuHves and some politicians about the excessive burden of 
regulation is the important role government policy can play in 
helping to steer technological resources in more socially and 
ecologically beneficial directions A good example is the fuel 
efficiency standards imposed by the US government in the 
mid-seventies These essentially require American car manu- 
facturers to double the average fuel efficiency of new car 
between 1975 incl 1985, a task that will require unprecedented t 
levels of investment but which will bring the efficient of 
Smencan cars close to that of European and Japanese models 
In the absence of these standards, the American industry 
would have moved much more slowly to develop more fuel 
efficient products, and it would have beencau^ht in even wow 
shape when gasoline prices soared in 1979 and consumers 
turned m droves toward gas-sipping imports 

Regulations can. of course, work against the objective of 
c reatmg more sustainable patterns of production and consump- 
tion — the regulation of oil and gas prices in the United States, 
for example, Ls kept the cost of using these resources low and 
has consequent made investments in encrgv conservation and 
alternative encrgv resources economically less attractive But 
regulation is an essential feature of a complex technological 
societv in which the social costs associated uith the production 
and use of goods and services must be balanced against the 
benefits Progress toward a sustainable societv would ccrtamlv 
not be helped i* calls to "get the government off people's 
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backs" were seriously taken to mean a wholesale removal of 
regulations Regulation should be used sparingly to enhance 
market forces and to supplement the workings of the market 
in areas where it cannot function effectively 

In addition to providing a regulatory environment that helps 
to steer commercial technologies along more sustainable paths, 
governments play a direct role in supporting research and de- 
velopment, and they provide many incentives for technological 
change m some areas For example, the current pattern of 
R&D spending, which entails more outlays on military pro- 
grams than on energy, health, agriculture, and environmental 
protection combined and which constitutes a huge drain of 
highlv qualified people away fror. programs more directly 
linked to economic and social advancement, reflects govern- 
ment priorities There is \ vicious cycle at work here Part of 
the reason for the current military buildup i c the fear of conflict 
over control of resources, particularly oil Ye v the continued 
diversion of R&D funds into military coffers makes it more 
difficult to pursue technologies that wil! help in ease depen- 
dence or finite resources In a slowly growing economy, and 
with increasing restraint; on i^rrall government expcnditi 
mcrca\ s in mintjry expenditures mcvitablv result in cutbacks 
in other areas 

\s for direct government uibsriics >r t.ie development and 
commercialization of new technologies billion 4 of dollars are 
being channeled bv governments iround tbv world n.io pro- 
giams surh as the development <f synthetic fuels, inic ear 
power, tikI large-scale, ccr.trali/cd gt aerating facibtics Bv 
comparison, very little is being spent on uic 'nhves to c tmi*iiate 
energy conservation and the use of renewable i ('sources In the 
United States, for example, the proposed govern nici tal outlays 
on the development of synthetic fuels — the production of oil 
from "tak .ind tar sands and the production of liquid and 
ganous fiic , from coal — niav come to more than $80 billion 
during the eighties Yet government spending on mass transit, 



Technical Change and Society 



:191 



renewable energy, and energy conservation combined will 
come to considerably less than this sum, and this is in spite of 
numerous studies that have concluded that the amount of 
energy saved by each dollar spent on conservation greatly ex- 
ceeds the amount that could be gained from each dollar in- 
vested ir boosting energy supplies. The building of sustamble 
energy technologies clearly calls for a fundamental overhaul of 
government priorities and incentives. 

In the developing countries, market mechanisms often can- 
not work to stimulate the development and introduction of 
technologies that meet the needs of the poor, for the simple 
reason that the poor are often outside the market system 
Unless governments, aid agencies, and community organiza- 
tions assume direct responsibility for enhancing the technologi- 
cal capacity of small-scale farmers, manufacturers, and others 
who have been left out of the development process, unsustaina- 
ble development patterns will persist to the point of total 
breakdown — as indeed they have in a tew areas. 

Until recently, it li^s been assumed that western-style indus- 
trial development would be the appropriate model for develop- 
ing countries to follow Just as similar technologies are now 
employed throughout the industrial countries, it was generally 
anticipated that the world would eventually be transformed 
into a sort of technological monoculture, with the same agricul- 
tural systems, transportation technologies, industrial processes, 
and building techniques used around the globe But such as- 
sumptions were never valid 

The energy and materials requirements man y modern 
tcchnologjessmake their use questionablcnot Gflfily m the devel- 
oping countnesNa^t m the industrial world as 'well Moreover, 
the costs— both inarms of capital requirements and social 
impacts of massive transfers of technology from rich to poor 
countries — would be prohibitive Certainly, many technologies 
now m use m the industrial world are essential in the develop- 
ing countries, and international economic reforms together 
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with national policies for the import of technologies are re- 
quired to ensure that they are transferred on equitable terms 
But far from being a technological monoculture, the world of 
the future will have to be characterized by technological diver- 
sity *if it is to be socially and ecologically sustainable 

Technology and Democracy 

The seventies witnessed a resurgence of interest in participa- 
tory democracy Decentralized decision-making, the right of 
communities to have some control over their own develop- 
ment, and the need to involve people in the planning and 
carrying out of development projects all became common 
buzzwords and even official policy This trend found expression 
in local opposition to nuclear power plants, in the formation 
of community organizations, and in the speeches and some- 
times the actions of foreign aid officials But many of the 
technological trends of the postwar era ran directly counter to 
the ideals of participatory democracy / 



Decisions affecting the development and use of technologies 
have become increasingly centralized As technological systems 
have become more complex, and as their potential impacts 
have become more far-reaching, decision making has been 
delegated more and more to experts, and the control of some 
technologies has involved constraints on the action? of in- 
dividuals and communities This potential conflict between the 
centrali/mg influence of technological' development and the 
desire for more control over everyday decisions is the source of 
much of the ambivalence and even antipathy toward modern 
technology 

It also lies at the root of much of the attraction of "appropri- 
ate" technologv Small-scale energy systems based on renew- 
able resources, such as solar collectors, biogas plants, "mall 
hvclroclectric and wind generators, and w<xk1 stoves, can be 
developed and controlled bv groups or individuals Organic 
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farming techniques do not bring dependence on faraway 
manufacturers of fertilizers, herbicides, and other technologies 
And the costs of using a bicycle are not dictated by oil compa- 
nies or oil-producing countries While such technologies are 
attractive in their own right in an era of planetary limits, they 
are doubly attractive in that they offer a way to break some of 
the dependence on large corporations and government agen- 
cies 

!^it sucl technologies arc not the entire answer to demo- 
cratic control over technological development Most people 
spend half their waking life in workplaces in which they have 
limited influence over the technologies used and the way they 
arc introduced Medical care has until recently been synony- 
mous with the use of drugs and sophisticated technologies, 
prescribed and administered by experts, to treat diseases that 
could in many cases be prevented by the control of environ- 
mental cont Mimjiits and better preventive measures, high- 
technology medical care is of course necessary in many cases, 
but greater public participation in disease prevention could be 
both more effective and require less dependence in profes- 
sional experts And large-scale technologies ranging from mass 
transportation to energy supph arc often planned, developed, 
and introduced by central government vv illi ai ucsl token 
input from the public 

Can public participation he effective m opening up decision 
making on technological change, so that those affected bv it 
have a greater sa\ m its development"' There are no pat an 
swers. for experiments have so far been limited, and m ma:i> 
cases trulv democratic participation in technological decisions 
strikes at 'lie heart of the power structures that have developed 
in rich and poor countries alike It is thus not hkch to be 
incorporated smooth!) and easily into existing patterns of tech 
nological development 

Much of the earlv discussion about public involvement in 
technological decision making was centered on the need to 
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educate people about science and technology "Public Under- 
standing of Science" programs were initiated by government 
agencies and by scientific organizations in many industrial 
countries The rationale behind such ventures is that an in- 
formed public is an essential prerequisite for informed decision 
making. Important though such programs may be, they H r not 
necessarily enhance the people's role »n the decision-making 
processes 

As far as major technological projects arc concerned, some 
governments have begun to take steps to involve members of 
the public in planning and siting decisions These include such 
devices as the publication of environmental impact statements, 
public inquiries and commissions, the holding of legislative 
hearings, and in some cases national referenda Dorothy Nel- 
kin, a professor in Cornell University's Program on Science, 
Technology, and Society, has studied the efforts of three Euro- 
pean governments — Austria, the Netherlands, and Sweden — 
to imolvc the public m decisions concerning nuclear policy 
She concludes that although "the experiments to date surely 
represent more an effort to convmcc the public of the accept- 
ability of government decisions than any real transfer of 
power," they ha\e resulted in uome useful developments 
"R\cn the limited increase in public discussion has influenced 
government policies," Nelkin argues, and she notes that one 
result of broadening the decision making in the nuclear area 
is an increased demand for public p irticipation in other areas 2 

Public involvement in decision making is severely hampered 
in many countries by formal and informal restrictions on the 
release of information about government policies and p*j- 
grains In a few countries, such as the United States and Sue- 
den, access to public information is guaranteed by law, and 
even committee meetings are generally open to the public But 
m many other countries, gove nrnent secrecv is the norm, for 
rigid laws and regulations prohibit the release of information 
concerning policies and programs when they are in the fonna- 
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tive stage In Britain, for example, the Official Secrets Act 
prohibits the release of such information as railway timetables 
before they have hcen officially announced In such an environ- 
ment, public participation in decision making on any matter 
is severely limited Public access to public information is a basic 
democratic right that should be abridged only in special cir- 
cumstances, such as genuine threats to national security 

Public participation in governmental decisions concerning 
technology policy docs not guarantee that such decisions will 
be made m the best public interest But experience so far in 
the United States suggests that participation, including legal 
challenges to some programs, has often had beneficial effects 
The long battle over the trans-Alaska oil pipeline, for example, 
led to a protect that is likely to cause far less environmental 
degradation and is publicly much more acceptable than the 
original proposal Moreover, it should be noted that environ- 
mentalists were among the most vocal supporters of an alterna- 
tive route for the pipeline, which would bring oil to the fuel- 
short Midwest instead of having it shipped by tanker to ports 
on the comparatively oil-rich West Coast Recently, the oil 
industry itself has been arguing for a pipeline to transport oil 
from California to the Midwest 

The intense and at times bitter public debate o\cr the super- 
some transport (SST) program in the United States also ulti- 
mately resulted in a sound decision not to proceed Britain and 
France, which pushed ahead with a joint SST program with 
little public discussion, found themselves saddled with an air- 
craft that few airlines want, and which requires so much fuel 
to operate that it is being run at a loss British and French 
taxpayers have subsidized the development and operation of an 
aircraft that is used primarily by rich businessmen 

W hile governmental pohev for technology' is an important 
arena for public participation, it is in the workplace that most 
people are most immediately affected by technological change 
Public influence over the development and introduction of a 
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new production technology is, however, severely limited 

In general, technological change in factories and offices is 
governed solely by the decisions of managers Workers who are 
affected by the changes arc rarely consulted, let alone asked to 
participate, in the planning of technological change until it is 
virtually a fait accompli In this context, it is hardly surprising 
that technological change is often accompanied by resistance 
and opposition from a workforce that is anxious about the loss 
of jobs and whose working environment is deeply affected It 
is also no surprise that technological change frequently leads to 
the erosion of skills and increased control over workers 

This is not a new phenomenon The organization and con- 
trol of labor has been a feature of technological change since 
the Industrial Revolution, and the key technological decisions 
have always been taken by the owners and managers of indus- 
try Recently, however, both managers and workers in some 
industries have begun to explore possibilities for broadening 
decision making concerning the development and use of pro- 
duction technologies These steps have been tentative and 
there are few firm results, but there are sonic promising indica- 
tions 

In the past few years, trade union councils m several Euro- 
pean countries have begun to negotiate technology agreements 
with employers' groups These can prov ide useful guidelines for 
negotiations over the introduction of new technology into local 
plants 3 

The first such agreement concerning the introduction of 
computer technologv was signed in May 1975 }>v the Norwe- 
gian Keclcrati >n of Trade Unions and the Norwegian Employ- 
ers' Kedcrat")!!, and it was written into law in 1977 I lie 
agreement requires full consultation between management and 
the unions in the planning of new technologies, and it esta- 
blishes the position of "data steward" in factories where com- 
puter tor hnologies are introduced This is a post filled by a 
union member responsible for ensuring that complete mforma- 
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tion on computer systems is made available to workers In 
addition, the agreement gives unions access to all data banks 
maintained by the company So far, according to preliminary 
assessments, the law has worked well in reducing the friction 
generated by technological change and in ensuring that work- 
ers have a real input into the design and control of workplace 
technologies 4 

As computer technologies become more widespread in fac- 
tories and offices, such agreements will become more and more 
important The British Trade Union Council, partly in re- 
sponse to growing concern over job losses associated with the 
computerization of work in Britain, has recently put forward 
a ten-point proposal for negotiations concerning technological 
change In addition to the participation of unions in the plan- 
ning and management of new technologies, the proposal calls 
for industrial letraimng for displaced workers Greater indus- 
trial democrat v along these lines will be needed to ensure that 
the promise of new technologies is not achieved at the expense 
of degrading jobs and de-skilhng workers 5 

In developing countries, too, the participation of people at 
all levels m the planning and execution of development pro- 
grams is usuallv essential to ensure that technological change 
is earned out in an effective and equitable manner Often, 
when new technologies are introduced with little understand- 
ing of the needs, desires, and cultural settings of the people 
thev are supposed to help, thev either do not work or thev 
sunplv reinforce existing disparities in wealth and power The 
Third World is littered with machinery that has broken down 
because people who were expected to use it were not brought 
into the planning process and they consequentlv lacked either 
the skills or the inclination to maintain an alien tcchnologv 
And the lustnrv of development programs is replete with in- 
stances of technological change that were intended to aid the 
poorest people but which benefited chicfh the rich, because 
the poor had little effective role in the planning and control of 
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the new technology. Participation is not only a democratic 
principle; it is also an esserftial requirement for effective and 
equitable development planning 6 

In spite of the many problems associated with technological 
v change in the past few decades, science and technology remain 
the chief hope for overcoming many of the economic and 
resource constraints that lie ahead in the eighties and beyond 
Indeed, in a world beset by oil shortages, sluggish economic 
growth, rampant inflation, and rising unemployment, techno- 
logical change has become an imperative But if the experi- 
ences of the postwar years have taught us anything, it is that 
there are no simple technological fixes for complex social prob- 
lems Better weapons and crime detection techniques have not 
solved the problems of the inner cities, and unprecedented 
increases in food production have not put food in the mouths 
of the poor Moreover, if technological change is brought about 
through increasingly centralized control and hierarchical orga- 
nization of society, then technology will aggravate some of 
society's most pressing problems 

Science and technology are immensely powerful tools that 
can and must play a critical role in tackling the problems that 
lie ahead Public policies that enable science and technology to 
flourish will be of vital importance in the eighties and beyond 
Of equal importance are policies designed to steer technologi- 
cal change along socially beneficial paths and to mitigate the 
inevitable side-effects of rapid and irreversible change 
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lhe Ctyd That limps 

SCETCEANDTBCHNO^ 

The God That Limps is a provocative analysis of the role of science and 
technology in a world economy that has undergone fundamental changes 
in the past few years. Colin Norman, a journalist and former senior 
researcher with Worldwatch Institute argues that the mounting problems 
confronting rich and poor countries alike make r-xhnological change 
more and mote urgent. But at the same time, they make the serial impact 
of new technology more complicated. 

Sponsored jointly by Worldwatch Institute and the United Nations 
Environment Programme, The God That Limps challenges much of the 
conventional wisdom about science ana technology. Norman demon* 
spates bow the world's $150 billion per year investment in research and 
development is more suited to the military needs of the fifties than to the 
social needs of the eighties, and he argites that current policies in 
countries such as the United States are making the situation worse. He 
shows how the recent slump in innovation in the industrial countries 
reflects a transition from a technological period based on cheap energy 
and on scientific knowledge acquired in the immediate postwar era to 
one blued on new technologies such as microelectronics and genetic 
engineering. This transition promises immense benefits for society, but 
Norman argues that it also raises the threat of social dislocation. F jt the 
developing world, a technological transformation is especially urgent, 
but without policies designed to ensure that technological change is 
geared to the needs of the poorest people, the gap between rich and poor 
will widen into a gulf. 

tne central theme of The God That Limps is that science and technol- 
ogy must be viewed in t ! oad social and political context. They are not 
simply neutral tools for solving problems, but are part and parcel of the 
structure of society, and this perspective is essential in understanding 
their social impacts. 
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senior researcher at the Worldwatch Institute; Washington correspondent 
of Nature* a British scientific journal; a columnist for Technology Review 
and Science Forum\ and contributing editor of Science and Government 
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